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SURJ ECT .
Sodium Perchlorate: Resesr-h Lendings Toward the Develcpmant of Selected
Metlheds to Froducs Sodiur Ferclilorris Without the Use of Platinunm
{(FProJect Numbuer KR 352-304/2-1-¢2; Contract Wwbar NCXR-807(00C)).

CEJEGT

To invaestisate metuods Tor vroduction of scdium parchlorate without the

wey of platinum; to include, tut not necessarily ve limited to, the
fellowing:

f1) The use of anodes comprising silison-silicon earbide
2) The use of lead dioxids coatad anodes
(3) The disproportionation of sodium chlorate in acid sclution

"™his Final Research Revort, labe.ed Sectlon B, covers all work done on the
disproportionation of soiium chlorate in acld solution including that done
under Project NR 252-243/2-13-51 and the presen® Project N 252-304/2-1-52,

The electrochemical worx with anode materials, the authorization for which
has been extended to January 21, 1954, 18 being covered in separate
periodic progress rcports,

SUMMARY

1. A 304 to 33% conversion of &« '‘um chlorate to sodium perchlorate
has been attained in beth a bateh and =~ u {amcus type process, using 70%
sulfuric acid at 93°C., or with 83% ac.! »: 69°C, This is 90-99% of theory,
assuring disproportionation of chlorate to perchlorate and chlorine dioxide,

2, The yield of chlorine dioxide in the disproportionation of chleorate
varied from 25% with 704 sulfuric acid, to 88% with 83% acid. The remainder
of the gas was substantially chlorine,.

3. The chlorine dioxide-chlorine mixtures were readily advacrbved in
100 to 200 g/l caustic solution and the resulting mixture of chloride, hypo-
chlorite, chlorite, and chlorate were reconverted to chlorate by elec-
trolysis in a chlorate type cell,

L, The reacticn between chlorite and hypochlorite to form chlorate
and chloride and the disproportionation of chlorite to chlorate and chloride

were also studied as possible methods of recovering chlorate from the above
mixtures.

g, The use of perchleric acid in place of sulfuric acid in the
dlsproportionation of sodium chlorate resulted in comparable conversions of
sodium chlorate to perchlerate in batch .ype reactions,

6. Parchlorate values have been recovered from the sulfuriec acii dis-
proportionation reactions either as ammonium and potassium perchlorates by
a fractional crystelllzation method, or as perchloric acid by & vacuum
distillation. The vacuum distilled perchloric acid could be convarted to a
high purity ammonium perchlorate by reaction with anhydrous amronia. wrien
perchloric acid was used in thic process, sodirm perchlorate was recoverad
by dlrect crystallization,
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7. Approximately 1/? pound samples of potassium and ammonium bér-
chlorate have been made in single laboratory preparations,

8. No catalyst was found that wcould chinge the course or the spaed
of the disproportionation reacticns,

9. The by-product in the 837 sulfuric acid process was a solid
complex of scdium acid sulfate, sulfuric acid and water of hydration con-
taining 63% by waight of equivalent sulfuric acid values,

10, A proJected contlnuocus cyclic process using 83% sulfuric acid was
developed on which to base & cost estimmte, and as a preliminary guide for
pilot or industrial scale development of the disproportionation process.

1. A cost estimate on the production of 10,000 TPY of potassium per-
chlorate by the disproportionation process gave a cost of 20.2¢ per pound,
assuming that the by-product acid mixture 4 g s01d at its sulfuric acid value,.
On the same basiz, the cost of potassium perchlorate by the elecirolytic
method using platinum snodes would be 14,0¢ per pound,

12, A cost estimate on the production of 10,000 TPY ammonium perchlorate
by the disproportionation process gave a cost of 21.5¢ per pound, assuming
that the by-product acid mixture i1 s s0ld at its sulfuric acid value. Taig
is based on forming the ammonium perchlorate by vacuum distilling perchloric

acid from the acid dlsproportionation mixture, and reacting it with anaydrous
ammonia,

13, An analytical procedure was developed for mixtures containing
perchlorate, chlorate, chlorite, hypochlorite and chloride. OCn testing

this procedure, analytical results dupliicated actuml sample compositions to
within 1.5%,

14, A patentatility and infringement study has been completed on the
projsctad process,



CONCLUSIONS &

1 The reasction for the disproportionation of sodium chlorate In
strong acids 1s:
3 NaClO3 + 2 HaS0)p ~——» NnCl0;, + 2 C10, + 2 NnHSOy + H,0
(2 HC10,) {2 NaC10y)

When Cls is formed it apnears to come from the decomposition of chlorine
dioxide and nec¢ from sodium chlorate,

2. The above reactlion can be controlled, and ylelds close to theory
for sodium perchlorate can b realized. No catalyst is needed.

3. The recovery of perchlorata in the sulfuriec acid process as potas-
slum perchlorate by fractional crystallization,and as ammorium perchlorate
by reanction of vacuum distiiled perchloric acld with anhydrous ammonia, are
favored becauss of ears nnd efficlency. Product recoveries as ammonium par-
chlorate by fractlional crystallizatlion and perchloric acid >y vacuum distil-
lation in the sulfuric acld process, and sodium perchlorate by fractisnal
crystalllzation in the perchlori~ acid process, are also conszidered practicnl.

4, Recovery of oxidizing values in tue volatile ofrf-gases from the acid
disproportionntion reaction can best be done by absorbing the gases iu dilute
caustic solution, adding =alt to increamse the concentration and electrical
conductivity to that of conventional electroiyte, and electrolyxing in a
chlorate type cell to form sodium chlorate,

S. When carryius out the 83% sulfuric acid process on a continuous
basis, 8.3 pounds of eolid acid by-product containing 63% of equivalent sul-
furic acid would be produced for every pound of potassium perchlorate
or ammonium perchlorate,

6. In the perchleric acld vrceess, assuuing the sodium perchiorrt. mono-
hydrate were racovered by direct erystalilzatlion, 1t was concluded on ihe tasis
of preliminary work that the remaining sodium could Ve remcved by anhyirous Ll

to give a by-product of one pound of sodium chloride for every pound of sodium
perchlorate product.

7. The analytical procedures developed for mixtures containing per-
chlorate, chlorate, chlorite, hypochlorite and chioride are considered
satisfactory for all mixtures encountered in the sulfuric acid disproportiona-
tion process. In the psrchloric acid process, the method is inadequate for
determining the relatively small increase in perchnlorate content of the
perchloric acid re.ctor solution, It is recognized that chloride and perchlerate
analyses are unreliable when the ratio of these components to chlorate is
low, dbut such mixtures wers not encountered in this research,

8. The acid disproporticnation process using 83% sulfuric acid is ready
for pilot plant testing

9. The disproportionation process doss not infringe exlsting United
States patants, and may have some elements of noveltiy.



RECOMMENDAT IONS

1. If an alternate to the electrolytic process using conventional
or alternnte anodes 1ia desired, the acid disproportionation process should
be compared with other chemical methods now being studisd and the most
promising one chosen for pilot plant testing.

2l The choice of acids shculd be made on the dbasis of the relative
degree of hazard involved and usefulness of ths by-products.

3. Patent appliocation should be filed on the novel points of the acid
disproportionation process.



LABORATORY STUDY

A,

Disproportionation of Sodium Chlorate in Acid Solution

1.

2.

Summary of Previous Work dcne Under 1951 Froject NR 342-263/
2-19-51

The 1951 laboratory work was of a limited axploratory nature
which si{mply established that aovpreciatle ylelds of sodium
perchlorate could be obtained on reacting sodium chlorate and
sulfuric acid, It was recognized that a patented process(l) for
making perchlorates and chlorites of different metals by the
above reaction would be of doubtful valus. However, it was
felt that an adaptation of thia process which did not recover
chlorite, but returned all reduced chlorate to a chlorate cell
to be reconverted might be practical.

Roaction Stwdr

a, Pot Remctor
The purpone of tids thace 28 4he voriz wivs to deternine t*e
TeasibiZitm ol and the optirw: condlilons for the -roduction of
poercllorutes Y the dlsrroportionaticn reaction of a chlornte such
as poldur chiorute in a crrcentrated strong aold, The mejor oart
of evr 6Z70rh har been in reactiincns with sulfuric acid,
alt:icoygh a fev prelirinry evverinents were carrfed cut with
percilicric acld,

Nmeroun reactions might seem vor ible, dependins on reactant concen—
trations, temperature, etc. vetween the limits of the two follow-
ins: equatlionat

{1)2A,50y + 3%aCioy ----- > HWalil, + 2010, * 2NaHSQ) + HpO
(2) HpSO, + 7NaCl03 ————=> 5NACICy + Cl, + Na, SO, + H0

The eovidence of tinls research, however, as discussed in a later
rart of thls asection, 1s that equaticn (1) shows the only course
of reactlor under the condltions used in t'is research,

chlorine may also be formed by the partial ve-~+ phage thermal de~
composition of chlorine dioxide. a 33.3% conversion of sodium
chlorate to perchlorate represents the theoretical maximum yield by
equation 1, As expected, the recovery of oxidizing chlorine va 1es
in the off-zasass was found to requirs consiierable research efs et

although

So@lum chlorete was introdneed intc the reaction a
solutlon, 650 /ms,/1. This was found ¢
mic.: preferedio to the use of solid

12 violaent loctl renction. In n series of ~rellninaxy experirent

the m1fwic acid was hel?d in an opan oyrex Vessel‘ and fge smgi o
chlorate golutlon wagalded drecpwize, When al} the'soiium chlgra:m
hal Yeen mixed n with the acld, the terverature of the mix;ure v:
ralged to the desirel reins (ZCo-1000G.) ana digeated for veriod :
of 1/2 to § hours, The solutisn was flushed at 811 times Qi%io ;
nitrosen gas introduced through a fritted glass gas wasghing tube

L s & concentrated
; ne very satisfactory and
gcdiunm chlorete, which results
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The reaction of 50% aulfuric acid with sodlum chiorate solution
was too slow and mild. Uslng 70% sulfuric acid, promislng ylelds
were obtained in the tewperature range of 70° - 100°C. with a 3
hour reactisn veriod. Use of 83% sulfurle acid yielded more
perchlorate than 70% acid under approximetely the same sonditions,
but with precipitation of some solids at room temperature. The
reaction of 96% sulfuric acid with the concentrated scdium chlorate
solutlion tended to be violent and resulted in the immediate pre-
cipitation of a considerable amount of solids at or near room
temperature, These s0lids dissolved at about 70°C., but heavy
foaming of the reactior mixture occurred at this elevated temparature,
Althcugh the yleld from one experiment with 96% sulfuric acid was
good, it vas declded to carry out further work with the 794 and 83%
acid. In these prelimimary experiments, conversione of sodium
chlorate to perchlorate in excess of 324 were reached.

In order to deteriine, infurther exverimenta wit'. sulfuric acid,
whether any verchloric acid was bein distilled out of the reactor
durins the heating of the chlorate-acid mixturo after they lad been
mixed at roon tesperature, anl, also, to determire the composition
of the reactor wapors, :upecinlly in re-ard to oxidizing power, a
closed reaction vessel was used, The reactor vapors were flushed
out with niiro.en and adsor'ed in & train of two 35 sodium hydroxide
solutions of 124 nls, cacu, he renctlon mixtures, excent as
otherwise noted, consisted of 0 =2ls, of aulfuric acid of -iven
strength and 38.5 mls. of a 650 «ms./l. 1inl103 solution (25 rms.
KaClOQ). ror ?Q, acid this gave an HQSO“:Hazlﬂw wel 't retio of
4,1, and for 33, acid, the ratio was 5,2, "he “followir~ variables
Aacactires the dea~ree 0 ~onverslon of codlue el -2rte 1o norchlorate
were studled with 707 and 83% zvifaric acid: (1) reectlon temperature,
and (2) ratio of acid ta chlorate,

The reunctions with 70 acid were carried cut st 59° and G2°C,
with renction reriods of 3 to ¢ hours, At 69°,the sonversion

of nodiwm chlarate to the perchlorate fell in the ronge of 11 to
225 for the atove resvective reaction tinmes, At 63°7, the

vield was alout 22%, practically independient of reantion time,
V.o conversion of sodium chlorate to the verchilcrate at ©9°C,
when usin~ 93% sul<uric acid ronged from 29 to 3375 Tor reaction
periods o7 3 to o Lours respectively. Atte:pts to heat a rixture
of 23. sulfuric acid and concentranted soulur chlorate scluticn to
93°C, resulted in mcderate explosions at about 738°-30°C, At
these tenreratures the concentration of yellow ciileorine dioxide
in the reactor wvapor space increased too rapidly to be cerried

away hy any practicaltle “low of nitro~en. These resulis are outlined
in Tetles y &nd II,

From nnalyses o the absorber solutions for oxidizing power and
chlorire content, the composition of the reactor vapors was calculated
ard es;reasel as .er cent chlorine and chlorine diciile, Atk 709

acid reacted ot €69°C,, the composition of the reactor waners
A ) - 3 .

could e considered as 1000 C10,, and when the reaction te~v r-

ature w.s raised to 03°7,, the (1Cs content dro'ned to .. (7t

L)



“hen oreactdins O suliwdl s acid with sodiw: chilerate solation and
heating Lo G990, thn Cl0. centant of the atsorbved reactor vanors
rurcced sron 00 te : (22 to 155 Z1n) Tor remction jpuriods of 3 to
(. hovrs resvectiv

ely., These results are given in Tables III and V.

As the ratio of the welrht of equivalent 100, ds50;, to the welsht
of eqdv:Yant 50lid solium chlorate wns increased from 2. to 0,1
£ v Y 2l -

woan reccting 7O acld at 93°0., the conversion of sodlum chlornte

to the nerellorate rose fron 28 to 338, At the saire time the

Cl0, conlent of the sbsoried reactor venors droyt ad from 48 Lo 230
< - . a 2

(52 %o 77 jlq\. dhen reactins 835 acld ‘n the acid-chlorate

retio range of 3.4 o 1G.5, “rom 31 to 339 of the scdium chlorate
wng converied to perchlorale respsctively at (9°C, Under thess
conditiors, the arsorted reactor vapors ransed 1n cormositieon from
93 to C10,(7 to 167 012). The reantion period for all
experimants 1n t.is series was 4,5 hours, Zalios V and VI shov
these resulis,

In interpreting the above yields, it should be noted that for a
reaction exactly follow!lng equation (1) (Pege 5 ) in which
chlorine dioxide is the only oxidizing gas given off, a 33, 3% con-
version of sodium chlorate to perchlorate represents the maximum
possible yield, while for equation (2) where chlorine is the only
oxidieing gag given off, a 71, 4% conversion represents the maximum
poassible yleld, In most of the 8bove experiments in which the
reaction of sulfuric acid and sodium chlorate was carried out, a
considerable amount of chlorine dioxide was found in the absorber
solutions, Thus, the ylelds might be expected to be closer to the
value for equation (1), Even 4in those cases where the reactor

gases 8s abgorted in sodium hydroxide solution are analyzed as having
been to & large degree chlorine, it is likely that the gases just

as they evolved from the reactor solution were chlorine dioxide,
Brown (2) has found that in the gas phase, chlorine dioxide undergoes
thermn) decomposition into chlorine and oxygen. This reaction rate
rises rapidly with temperature, especially above §0°C, In mquseous
solution, chlorine dioxide may undergo catalytic hydrolysls into
chloric and hydrochloric acids., If no catalyst is present, the
solutions arc stable, even at 96,5°C,

Diatillation er carry cver as mist 9 perchloric acid from the
reactor was found to be negligible =2t the remction temperatures
used (93°C. max.).

During the course of these expsriments the observation was made
that as the mixture of 70% sul?uriec ac!d and concentrated sgodium
ohlorate solution is heated, thern is a gontinuous svalution of
strongly rollow wvarors until the temperature rancres 90°-93eC,,

at which poirt the avolution of the yellow vapors stops sharply.
For 83% sulfuric acid, this characteristic temperature is 67-69°0,
These then were oonsidered to be the desirable temperaturss for
carrylng out the forma%tinor of perchlorate, since at lower tempera-
tures, tho reaction rate is very slow, and at highar tamperatures,

-7 -



[N
-

g
a2

TAJLE 1

wffect of Acid Strength on Yield of Sodium Perchlorate in

NaCl0-E,80y Reaction

(Pot Reactor)

STRENGTH OF LENGT: OF DICES—|WT. OR MCL % OF
11550y, USED TI0N PFRICD - ¥allda CONVERTED
" B KCURS TS Nelllh
3.0 16,8
70 L5 15,6
e 286
2
-
360 2.9
83 b,5 J1.3
6.0 334

Roaction Temporature (ave., max,) = 69eC.
Panstiz= Charge:r 20 mls, of HoS04 of sivan strangth
28,5 als. of Mel104 solution, ©708.

Ral104/1 %er,

FOREAE



Tap 1L

Effeot of Reaction Temperature on Yield of Sodium Perchlarate

in NaClOB-EZSO L Reactlon

(Pot Reactor)

REACTION LENGTH OF DIGES- | WT. OR MOL %
TEMP. TION PERIOD OF NaCl03 CON-
C. HOURS VERTED TO NaCloH
3.0 10.8
69 .5 15.6
6.0 22,0
3.0 32,1
93 .5 30.9
6.0 33.0

Reaction Charge: 90 mls. of 70% HpSOL
38.5 mis. of BaClO5 solution, 650g.
¥a0103/1.



i

STRENGTH OF | LENGTH OF | TCTAL WT.*
H,S04 USED | DIGESTION | OF €1 IN % oF C1 g CF QL
wr. % PTRIOD ABSOR3ING | AS 01, AS C102
EOJURS SOLUTIONS
GMS.
3.0 1;91 None 100
70 bos 2,00 Nons 100
. 6.0 3.20 0.5 99.k
-
3.0 5,50 11.8 88.2
83 4.5 5.46 12.6 87.6
6.0 5;56 1)'*&7 85 03

TAVLE 111

Effect of Acid Strength orn Corrposition of Reactor Vapors Formed

in Xall0 SOu Reactinn
(Pg.tx.lﬁeactm-)

(Valuos given are to%als found in bhoth eaustis adsorder
solutions used in adsarbing trali.)

® _ Welpht of 01 par 25 grams of Ka.ClO3 charge
Reaction Temperature (ave. max.) = £99C,

Renction Charge: 90 mls. of HaS04 of glven strength
38.5 mls. of 650g./1. Na0103



TABLE 1V

SE

Effect of Reastion Temperature on Compoeition of Beactor Vapors

Forned in HaOlOﬂgSOu Reaction.

(Pot Roaotor)

"

LIS IR

(Values given are totals found in both caustic absorbder

solutions used in absording train,

a

L% S ot MR SR

REACTIOR |LENGTH OF | TOTAL WT.*
TEME. DIGESTI®N |OF C1 IN £ OF 01 4 OF 01
(AVE.MAX.) | PERIOD ABSGRBING | AS Clp AS 0102
0. EOURS SOLUTIQONS
s,
2.0 1.91 Nore 100
] k.5 2,00 None 100
6.0 3420 0.6 99.4
3.9 b,17 751 2,9
93 b5 4,70 7642 23.8
6.0 b,ol 7647 23.3

* VWelight of Cl per 25 grams of muno3 oharge

90 mlg of 70% HoS
3805 mls of 650 e/ Lo N&C].OB

Raaction Chargos
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TARLEY

Effect »f Ratlo of Sulfuric Acid to Sodium Chlorate on Yield

of Sodium Perchlorat .

(Pot Reactor)

Strength of Ratio: Wt. of Wt. or Mol % of
HaASCy, Usod Bauiv. 1007 Bp504 | NaClC, Converted
“ v, % Ve. Wt. of XallOj | to KaalOu
2oih 2R
7 Loy 3067
8.1 35.3 *
3.4 )
83 53 31.3
10.5 3.9 =

Length of Digestion Period -~ 4.5 hours

Reaction Temp. (ava.max.)

93°C (when using 70% HpSO)
69°C (when using 83% Hy60y)

TEA AT R A

A,l’ Rt e
>

- A 33.3% coaversion of sodium chlorate to perchlorate represents the theoretical
maximum yield by eaumtion 1 of Page 5. These results wvers cbtained before ex-
tonded refinoements in analytical procedures for mixtures of chlorate and perchlorate

- 12 ~
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4
Effect or Ratio of Sulfuric Acid ts Sodium Chlorate on Composition
of Reactor Vapors
(Pot Reactor)
(Values given are totals found in both caustic absorbder solutions
used in absarbing train.)
Strength of{Ratio Wt.of] Total Wt.* | § of C1 % of C1
H580,, Used |[Equiv. 10CH of Cl in as &8 Chlorine
wt. % H,S04 Vs. | Absorbing | Chlorine | Dioxide
wt, of Solutions
NaCl01 s,
?-06 uo:é 51.6 uaou
70 h1 b, 70 76.2 23.8
8.1 .32 772 22.8
) Ak 4,32 7.0 93.0
83 Bt 5.5 12.4 87.6
10.5 5l 16.4 83.6
* Welght of Ol per 25 grams of 1¢a0103 Charge.
Length of Digestion Period -~ 4,5 hours
Reaagtion Temp. (ave.mex.):
93°0 (when using 70% Hy$04)
69°0 (when using 83% H,504)
M
-
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all the chlorline dioxide tends to be thermally decomposed into
chlorine and oxygen., Wwhen the 83% sulfuric acid and chlorate mixture
was heated to 75°C. and higher, there was & reappearance and very rapid
increase in concentration of the yellow vapors with the mixture ex-
ploding at about 80¢C, No attempts were made to carry out eny experi-
ments with 704 acid above 93°C. These observations apply to theseries
of experiments in which the reactor vapors were confined and swept
through an absorbing train of caustic solutions by nitrogen bubdlied
through the reaotor solution. In a preliminary experiment in
which the remotor was completely open to the mtmesphere, a similar
mixture of chlorate and 83% sulfuric acid could be heated to 102°C.
without exploding.

The reaction of 70% and 83% sulfurio asid with sodium chlorate
solution was almo carried out by slowly adding the sodium chlorate
rolution to acid already nreheated %o the renotion temperature
rather than mixing at room temperature and then heating. The

yield of sodium perchlorate was not appreciably affeoted by this
changs in reaction techniqus. However, the composition of the
evolved reactor vapors was radically changed. With 70% sulfuric
acid reacted at 93¢C., the chlorine dioxide content dropped from
about 25% to 0% (75% to 1004 Cl2), and with 83% sulfuric acid
resnoted at 69¢C., the chlarine dioxide conternt dropred from

about 88% to 04 (1295 to 1005 Clp). A number of experiments were
also oarried out in which air was substituted for the nitrogen

used in flushing out the reaction vessel. This changc had little
effect on the yleld of perchlorate or the corposition of the reactor
vapors as compared with identical experiments carried ~ut with altrogen
flushing. These results are given in Tablies VII and VIII.

One advantage in using 83% sulfuric acid for carrying out the
disproportionation reaotion is that less unreacted sodium chlorate
and oxidized ohlorine gases remain in the reaction mixture. The
presence of an appreciable amount of unreacted sodium chlorate oould
sause difficuitiss in the separations for the recovery of nerchlorate
as disoussed in Part 4 of the Laboratory Study section of this report,
At the end of an average reactlon period of 4,5 hours, appraximately
3% sodium chlorate and oxidized chlorine gases remain. In contrast,
with 704 sulfuric acid, approximately 12% sodium chlorate and oxidigzsd
chlorine gases remain after 4,5 hours, This is somewhat counter-
balanced by the possitllity of the reaction with 834 gulfurie becoming
viclent in case the reaction temperature is not closely controlled.

It has been established in a few axperiments that perchlorates may

be made by heating sodium chlorate with peichlorio acid. When reacting
00.3% perchloric acid with concentrated (650 g./1.) sodium chiorate
solution, the mixture mst be heated to 93°C. to obtain an appreciable
conversion (16%) of the sodium ohlorate to perchlorate. With 70.7%
perchloric acid, 32 of the sodium chlorate oan be converted to per-
chlorate at 69°C. The react-r vapors in this casewsre found to de

98% chlorine dioxide. Raising the reaction temperature with 70.7%
perchloric acid to 93°C. did not increase the yield of vperchlorate.
These results are detailed in Tables IX and X, In the above
reactions, the initial HOLO4/gac104 Woilsht ratio with 60.3% perchloric
acid was 3,5 and with 70,7% acid 12 was 4.5, The batch charge in each
case was 94,2 mls. of perchloric acid of the given sirength and 38.5 mls.
of & 650 g./1. FaCl04 solution (25 gms. NaClO4).

PO - 14 -
g =0 .
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TABLE VIT

Comparison of Yislds of Sodium Perchlorate fronm NaClOB-BZSOu Reaction Upder
Varied Heating Cyoles

(Pot Reactor)
Heating Cyvcle:
1. Add NaCiOq solution to cold HpS50p, then heat mixture to desired reaction
temperature. Consider reaction perdbd to include heating up time.
2, Ad Na0103 solution to H3S0, alrsady preheated to reaction temperature.

Gas Used in Strength of HaSOh Heating Wt. or Mol % of
Plushing Reastor] Used- Cycle NaClOg Convertel
Train we. 3 to ¥aC10y
1 32,1
70
2 30,0
NITROOEN
1 29.5
a3
*
2 1&,0
1 28.5
70
2 3.k
AIR
A
1 3.3
83
2 33.7

Reaction Cherge:
90 mls of EpSOy of given strength
38.5 mls of 650 g./1. RaClO,

Reaotion Temperature:
93¢ (with 70% HpSOy)
6720 (with 83% HpSOL)

Length of Digsstion period - 3 howrs

. ﬁnalysin of reactor sgolution of this experiment is in question,
Refer to footnots on Table V., Page 12,
"\ - 15 L J
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Comparison of Composition of Reagtor Vapors Formed in NaGlOTBZSO“ Reaction
Under Varied Eeating Cycles -

(Pot Reactor)
Heating Cyvgle:
1. Add NaCl03 solution to cold HpS0y, then heat mixture to desired
reaction 2ompom'mro. Consider reaction period to include he:ting

itp time.
2. Ad4 FaClO3 solution to Hp504 already preheated to reaction temperature.
Gas Used 14strength of | Heating Total Wt.* | 4 of O1 4 of C1
Flushing 52\5'04 used Cycle cof C1 in as Cl2 as ClC,
Reactor t. % : Absorbing
Train Solution
ans.,
1 417 75.1 249
70 [T |
2 k.55 99.6 0.k
RITROGEN
1 5450 11.8 88.2
83
2 5.49 99.8 0.2
1 3.96 779 22,1
70
2 k.46 99.8 0.2
AIR
1 5.16 8.7 91.3
83 - . :
2 5.50 100.0 c.0

* Weight of Cl per 25 grams of Na.c103 charge.

Raaction Charges 90 mls of HpSOy of given strength
38.5 mls of 650 g./1l. EaCl103

Reaction Temperatures 93°0 with 70% Hp50),
69%0 with 83% HoSOL

. Length of Digsation Period - 3 hours.

S i N 3 ¥ -16_
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In order to chbtain a relatively large amount of product solution
for parchlor te recovery studlies as descrited in Part 4 ¢f the
laboratery Study section of this repcrt, four repeated batch
reactions of 70% sulfuric acld with 650 g/l sodium chlorate solu-
tion (50 gmas. NaClCq per batch) were carried out at 93°-95°C, by
the procedure described above, This series of preparations was
repeated using 70,7% perchlorie acid in place of the sulfuric
acid, During these preparations, an attempt was made to absord
the chlorine-chlorine dinxide off-gases in a train of four con-
centrated (415 g/1) sodium hydroxide solutions rather than in 8%
(87 g/1) scdium hydroxide solutions as above, Tne absorption by
the concentrated caustic solutions was not complete. Use of &
200 £/1 sodium hydroxide solution in the absorbers resulted in
practically complete absorption of the chlorine-chlorine dioxide
off-gases in the first three of the train of four absorbers,



Ba IX

Effect of Parchloric Acld Strength and Reaction Temperature
on Yield of Sodium Perchlorate

(Pot Raemctor)

[ e, T e
Streacth of l Ave. Max, T‘.l‘t. or Mol ¢
EC10y; Used ! Expt. Yo. Reaction of WaCl10
Wt. 4 Temperature Converted to

°C. NaCl0y
33 £ @,0
60.3 - - o Er O .A.JN_-. =
A 23 16.0
35 69 32,1
70.7 -
35 93 25,2

Lengih of Digestion Period - 4.5 hours

Reaction Charge: 9H4.2 mis. of HCLOy of given st~ength
38.5 mls, of 650 g./1. §aC10q solution

=18 -



LABLE X

Effact of Acid Strenzth snd Renction Temperature on Composition of
Reactor Vapors Formed in H010;~NaClO3 Reaction

(Pot Reactor)

Strength Ave.Max,. Total Wt.®
of HC10y Brpt. [Reaction of 01 in 4 of 01 4 of C1
Usod Xo. | Texp. Absorbing as Ol as 010,
Wt, % °C, Solutlions
S | &8 _
33 69 0.61 Nonse 100
60,3 R | Al . e G it
H# 93 3.32 Nons 100
35 69 L,31 2.2 97.8
70.7 :
36 93 5.19 37.3 62,7

* Welght of QL per 25 grams of Na0103 chargze

Length of Difesiion Period - &+,5 hours.

-19 ~




b, Packcd Celuun Reacter

in an attemrt tn ave'i the danger of hancling and heating lerre jot
patches of acld chlarnte—porch oraets soluticns as would de

neceseary on & commercinl ccr .a, & senl-continuous, packed column type
reactor waes deeisned ard huilt for carrrirs cut the disproportiona-
tion of sodiwn chlornte in acid s»nlution. 4 reactor of this kind would
econtain only a small hold-up of potontially dangercus hot chlorate and
perchlorate soslutinns., Detalls of the columr and auxillary equipment
are shown in Tipure 1.

A typlcal) erperiment will illustrnte the operation of the packed
column resctor. The chargn was prepared by mixing 7¢% sulfuric

acld inte sodiun chlorata solution (650 g./l.). The chlorate
solution was kept in an ine water bath to mmintain the temnarature
during mixing at or slightly helow 2 ©C, The mixed charge was tnaen
held in a fesd flask above the column with the charging rate ¢nn-
trolled by a atopeock in the line. A slight pressure wvas maintained
abnve the charga sslution to overcome back pressure in tha column.
The rolumn was heated by an externally wound resistance wire, and

the temveratures measured by thermocounles fastened acalinst the out-
glde wal)l of the glass colum, Thus, the measured tempersatures were
not the actual temperatures of the solutions passing through the
column, but were only relative, for use in comparing the results of
different experiments, EHowever, it is estimated that the actual
average temperature of the acid-chl.-ate solution in the htt zone of
the column was about 40°C, below the cutside wall temperature at the
midpoint of the heated length of the colummn, During the downward
percolaticn of the acid—chlorate solution t hrough the glass helix
packing of the columm, & flow of nitrogen gas was maintained up
through the column to dilute the chlori - dioxide corntent of the vapor
below the explosive iimit, These ganses were either vented to the
stack or atsorbed in & train ef two to four sodium hydroxide solutions
of 100~200 g/1., A small bleed of nitrogen gat was reintained through
the product receiver to sweep ocut any chlorine dioxide and chlorine
carried down in solution, At the conclusion of a run, the column was
washed out with two 100 ml, portions of water,

As seen from Tabhle XI. the packed celumn reactor was operated through
the temperaturs range of 100° to 180°C. At 180°C. there was a con-
slderable Yolling of water from the feed soluzion, and a repeated
refluxing of this water bstween the condenser and heated portions of
the column. At temperatures above 14CeC,, there was a steadily in-
creasing loss of water by the acid-~chlorate mixture as it passed
through the colurm, As thess product soluiions cooled %o room tem-
perature, a considerable precipritation of crystals occurrei. There-
fora, 140°C, was chosen as = suitable operating temperature at which
a oonversion of sodium chlorate to perchlorate as high as 31% could
be secured in a single pass, Charging rates of 4 to 10 mls. per
minute Ghrough a 1-7/32" I.D. column) were suitadle, with somewhat
higher conversions at the lower througnput. In all cases, the pro-
portions of 70% sulfuric acid and sodium chlerate zolution (650 g.f1.)
were the same as those used in ths pot reactions previously described,
that 1s an anhydrous HzSOu/Nau103 welgihit ratio of 4,1,

The nitrogen
flushing rate in these experiments was

‘wo liters per minute,
- 20 -
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TABLE XI MAUR b i

Yielde of Sodium Perchlorate from Packsd
Column Reactor

‘ SR — S ]
' Tempsrature® on ! Charging Wt. or Mol % Conver-
| External Wall at i Rate slon of NaClOq to
Midpoint of Reactor |  mls/ min. FaCl10;,
! °C. l
R e, I L
100 ' 4,1 13.0 ]
[ . e 8.2 e 1800 R
o 1.14'6 lu'.3
110 L 2.2k 10.1 !
w3 T
9.3 --—<!+--~—- 17.9
o . 2.2 e 130?
120 Lo & 16.7 O
5(__ 5.8 . 17.8
. 3 N T
| 8.2 . .
| t 4,6 28.4 A
i
130 - 749 21.2 |
8.2 (137°C.) 24,k
, 5.3 [ O S
140 | 10,2 | 27.3
| 5
‘ . 2.
150 i 5.7 . 32.3 A
b 8.9 23.3
5 L 6.6 27.2
20 0.2 | 25.8 ~
170 10,2 L : 21.9 B
180 : 9.8 b 26.7 T4

CHARGE: 60.7 mls. of 60 g./1. NaCl03 (¥0g. NaCl04)
144 mis, of 70% Hp5C)
(B2S04/FaC103 (anhydrous) weight ratio - 4.1
Mixzed, then dripped through colum.
Nitrogen flushing rate - 2 1l./min,
* _ Actual average temperature of acid-chlorats solution in hot zone of column was
approx. 40°C., below this outside wall temperature.
a - Includes FaClOy in product solution only.

b -~ Includes ¥aClO4 in product and wash water solutions,
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The product soluticns of several of the above experiments were given

a second pass through the column, Nitrogen flushing rates of 2 to 6
liters per mimute, and a column temperature of 140°C, were used. At
best, only a small increase in conversion of sodium chlorate to per-
chlorate resulted from the second pass reaction, and ati the higher
nitrcgen flushing rates there was practically no increase in conversion.
It thus appears that the minimum nitrogen flushing rate which will

lower the chlorine dioxide concentration below the explosive range
should be used to permit mAximum conversion efficiencies, High flushing
rates rosult ir undesirable cooling within the colum,

Several experiments wera carried out in which perchloric acid was
substituted for sulfuric acid in the acid-chlorate charge to the
packed column reasctor. The proportions of acid to chlorate were
those used in the pot reactions (sce Tadble IX and previous dis-
oussior)., Charges containing 71¢ perchloric acid crystallized and
plL d the reactor at sclumm temperatures abdove 120°C, (outside
vngfﬁ? A 61% perchloric acid-chlorate charge could be run through
the column with column temperatures as high as 150°C. without orystal-
lizing. Coneideradle difficulty was sncountered in analysis of these
product solutions, containing high perchlorate, and some refinement
of the analytical method is necessary for this type of mixture,
Further work with perchloric acid was discontinued because of the
more ready interpretation of results when sulfuric acid is used.

The data already on hand for perchloric acid from the pot type of
reactor, and the patent literature suggests that both acids can be
used for the disproportionation,

As previously discussed, it is felt that sulfuric acid and

s0dium cidorste when reactod under the conditions used in this re-
soarch form chlorine dioxide as the only chlorine-containing oxidizing
gas, and, therefore, a 33,3 conversion of sodium chlorate to per-
chlerate represents the theoretical maximun yield. As this chlorine
diocxide is swept out of solution by the flushing ges (zir or nitrogen)
it cecomes susceptitle tc thermal dec~ rmposition into chlerine and
oxygen, the rate of t»i: reaction being quite high abvove 60°C.
Therefore, ths off-gases from the chlorate-acid reaction may con-

tain as 1ittle as one-fifth of tha original oxidizing power of the

chlorins dioxide formed by the time they pass aver to the caustic
golution absorbers,

In a typical experimont with 70% sulfurie aci?, approximately 30%

of the chlorats charse is converted to perchlorate, 25% to 30% re-
nains in the product sclution (and wash solutions, if used in colum
experiments) as dissolvod chlorine dioxide, cilorine, and possidly
some unreacted chlorate, and 4% to 45% is recovered as dissolved
chlorina dioxide and cilorine in the caustic solution absorbers. As
soen from Tatle VIII +¢he oxidizing level of tho caustic absorbed
off-gases from the raaction with 70% sulfuric acid at a temperature
sufficiently hizh to obtain a satisfactory psrarlorats yleld, would
be expected to be betwaen 75% to 100, chlorina (255 to 0% C102).
These figurss refer to reactions carried out in a pot reactor. The
composition of the absosrbed off-gases from the 70% sulfuric acid.
chlorate mixture raenctlon in the packed ecoluan reactor also frnl s in
this range, generally being close to 100% chlorine (0% C197).

- 23 =
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Assuming that a 100% efficlent reaction is ore in which 66-2/3% of

tha chlorate is coaverted to chlorine dloxide, all of wkich is ad-
sorbed in caustic at the full oxldizing level, then in practice,

whor reacting 77% sulfuric acid with sodium chlorate sclution (650 g/1),
there is only & 13% to 27% overall efficiency in recovery of oxidizing
values in the caustic solution adsarbers, Improvements in the process

to make possible the complete release of oxidiring gases from the
product solution and recovery in the caustic solution absorbers may

be expected to increase the efficleray in recovery of oxidizing values
to from 21% tc 42%,

As seen from Tadle IV, practically pure chlorine diocvide can be

recoversd in the caustic adsorber solutions by lowering the reaction
tempnrature with 70% suliuric acid, However, as seen from Table II,
the conversion of chlorate to perchiorate ie conslderadbly lower, and
the reaction takes place very slowly. A multi-stage processing might
be considered with relatively low temperatures in the early stage or
stages for efficlient oxidizing value recovery, and & gradual rise in

temperatur~ in the later stage or stages to complete the conversion of
the chlorate to perchlorate,

Referring to Tables I and 1I, one mAy observe that conversions of
sodium chlorate to perchlorate in excess of 30% ware obtained with 83%
sulfuric acid in a pot reactor with the oxidizing level of the adsorbed
off-gases maintained at 85-88% chlorine dioxide. Therefore, it seemed
that the recovery of oxidising values in the absorbed off~gases from
the packed column reactor could be most easily and sharply increased
by substituting 83% sulfuric acid for the 70% sulfuric acid, However,
the sutstitution of an equal volume of 83% sulfurie acid for the 70%
acld resulted in the formation of a heavy corystalline precipitate on
mixing with the sodium chlorate solution, with the mixture maintained
at or slightly below 25°C, Such a slurry would not have been suitabdle
for use as a charge to the packed coiumn reactor,

On mixing 83% sulfuric acid with 650 5/1 sodium chlorat: solution in
various proportions through the H2504/NaCl0, weight retio range of 0.5
to 8.9, a crystalline precipitate was formez in every case, The
nixture was more strongly yellow when the chlorate was added to the
acid than vice versa, Ths filtsrsd precipitate from the rsaction
carried out at the H2504/8¥aC103 welght ratio of 6.8 at 30°C, was found
to contain 0,4% sodium chlorate and no sodium perchlorate, This
corresponded to an 0,8% loss of the sodium chlorate charge. The
precipitate was composed of sodium dbisuvifate, sulfuric acid and water,
which was mostly hald as water of hydration. The choice of an
H,50,/HaC10q weight ratio c¢f 6.8 used in the following experiments
vith 834 suifuric acid was made on the basis of completeness of
precipitation of sodium ion on mixivrg acid and chlorate, general
observations on carrying out the precipitation reactlion, and greater

safety in diluting the chlorate with a relatively large amount of
sulfuric acid,
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In visw of the smsll loss of chlorine compounds in the bisulfate-acid
rrecipitate, it was proposed to carry out the reaction of 83% sulifuric
acid and sodium chlorate solutien (650 g./1.) in two steps. Tirst, the
acld and chlorats solutions would be mixed, with the temperature main-
tained near that of room. Then, the precipitate would te filtered off,
and the filtrate passed through the heated pacied column reactor in the
same manner as desoribded above for a 70% sulfuric acid-sodium chlorate
solution mixture. Tables XII and XIII show in detail the data and cal-
cuwlated results for three typical experiments on the disproportionation
of sodium chlorate with 83% eulfuric acid in a packed coium reactor by
the adove proosdura. Satisfactory conversions (29-30%) of sodium
chlearats to perchlorate were obtained, and the adbsorbed ofi-gases con-
tained 79 to 89% chlarine dioxide, uemcnstrating a high level of recov-

ery of axidizing values. The 32804/!a0103 weight ratio in the above
experimants was 6,8.

Based on ladoratory axperience with the above two stage process, the
following destalled procedure is recommended for laboratory scalo pro-
paraticne handling up to one pound of sodium chlorate:

Add the sodium chlerate selution (650 g./1.) at the rate of about
b to 6 ml./min. to the 83% sulfuric scid contained in a closed
vessel., Maintain the reactor temperaturs at 35°-40°C., and con-
timously flush the reastor vapar space with alr or nitrogen at

1 to 2 1./min. Pass ths reactor gases through a train of at least
three absorbers, each coniaining 250 ml. ef 100-200 g./l. sodium
hydroxide to remove all oxidizing valuss, and having a sintered
glass gas washing inlet tude., Xeep the caustic absorbsrs ccoled
in a water bath to 20%-25¢0. An aprroaching saturation or neutral
point of a given absorder solution at the head of the absorption
train is indicated by the appearance of successively darker shades
of amber coloar in the solution. Wlen the solution has reachsd a
moderate but not dark amber color, remove ths absorber from the
line, and simulianeously add a freah absorher at the end of the
train of absorbaers. Check the PH of ths saturated absorber solution

and add concentrated sodiwm hydroxide solution or psllets to main-
tain pH 8 or higher,

A more uniform reaction iz promoted by keseping the rsastor slurry

constantly agitated by a low spsed paddle type stirrer. After all
the sodium chlorate solution has been addsd, allow the reascter
temparatws to drop slowly to that ef room, but maintain the air
or nitrogen flushing and stirring for one to two houwrs to sweep
out dissolved cxidizing gases. Chill the mixture slowly and with
s$irring to 15°-209C,, and vacuam £ilier while cold through a sine
tored glass filter funnel. Maintain a bleed of air or nitrogen
through the filter flask to sweep cut oxidixzing gmses through ths
same train of caustic solution ad=arbors as was used in the above
rixing operation.

Filter ths BaHS0,-H260h cake as dry as pessiblet remove from the
filter, and placa in a vacuum desiccator for further drying. "hs
filtrate is then passed dewn through the packed column reacstor,
following the procedure dsscrided in gSection 2b and Flgure 1 of this
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report. 4 char;inz rnte of 5-0 ml./min. and an air or nitrogen
flusning rote of 0.5=1.0 1./min. has been found suitable. Saturate
the alr or nitrogen with E30 at 50°C. and heat to 100°C. before
introduction into the bottom of the column. Pass ths column off-
gases through the same train of caustic solutlon absorbers as was
used in the above two oparations.

A 304 conversion of sodium chlorate to perchlorate may be obiained
by B single pams of the filt-ate through the sclumn at an average
external wall column temperature of 110°C, The slight yellow
color in thie product may be removed by a sscond pass through the
column at an external wall tempsrature of about 140°-150° C.

The recovery of perchlorate from the produst solution is descrided
in Part 4 of the Laboratory Study Section of this report, and the
regovery of oxidized chlorine valuss from the absorber solutions

in Part 5.
Effect of Catalymis on tha Acid Disproporticnation of Sodium Chlorate

in a Por-Type Raactor

The purposs of this phase of the work was to determine i1f ths acid dis-
proportionation of sodium chlorate could bds catalyzed to give higher
conversion of sodium chlorate to sodium perchlorate and also to sas

if the oxidizing level of the sases swept out of the reaction solution
could be changed.

This study was carried out in a pot type reactor (s 250 ml. gas washing
bottle) containing 70% sulfuric acid and the ocatalyst. Sodium chlorate
solution was introduced from a burette into the reactor. A stream of
nitrogen swept the yellow grses from the reactor through two 250 ml.
gas washing bov.les containing sodium hydroxids solution. See Figure 2
for diagram of apparatus.

To carry out the acid disproportionation of sodiun chlorate, 90 ml., of
70% sulfuric acid was placed in the reactor together with the catalyst
(104 by weight of the sodium chlorate used on a solid basis). Then

38.5 ml. of sodium chlorate eslution (650 g./1.) wee slowly added at a
rate from 0.8 to 1.4 ml./min. with contimous nitrogen flushing through
the reactor and sodium hydroxide scrudbbing solutions (200 g./l. ¥aCH,
first serubber; 100 g./l. NaCH, second sarubber), at about 1/3 1./min.
After all of the sodium chlorate solution had been added, the temperature
of the reactor was slowly raised to between 90°® to 9§'C over a 1.5 to
1.75 hour period. The reacticn temperature (90¢-95¢) w & maintained

for about 3 howrs. Xitrogen was flushsd through the system contirmuously
to prevent ths build-up of high concentrations of chlorine dioxide in
the reactor, At the end of the 3 hour period the apparatus vns dis=
mantlad. nitrozen flush stopped and the reactor solution allowed to

cool, Ths 80l1id ocatalyst remnining was filtered from the resstor solution
and the solution analysed. The caustic socrubber soluiions were also
analyzed. Results are zhown in Tables XIV and XV,
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Of the catalyats trieu, namelyx lead dioxide, manganese dloxide,
ferric oxide, magnetite, copper sulfate, ferrous sulfate, nickel
sulfate and manganous sulfate, nons apprecladly increasod the con-
version of sodium chlorate to sodium perchlorate or changad the
oxidiging level of the absorber solutions from that obtained without
the use of catalyat. In fact, manganous sulfate and magnetite ac-
tually gave lower conversions of chlorate to perchlorate.

Pe 1A

The following methods of recovering psrchlorate from solutions

resulting from the disproportionation of chlorate in strong acid

solution were considered:

(1) 7¥ractional crystallization of sodiim perchlorate.

(2) Addition of anhydrous ECl to precipitate sodium
ion as sodium chloride, filterins, and hLeating
to drive off excess ECl. Purs perchloric acid
should remain when it 1s used as the strong acid
in the disproportionation of chlorate.

(3) BSame as (2) except vecuum distillation will be
nacessary to separate parchloric acid fron the
concentrated svlfuric acid wh«n sulfuric acid is
used as the strong acid in the disproportionation
of ahlorate.

() Vaouum 4istilletion of parchloric acid from solutiors
resultirgz from the disproportionation of chlorate
in strong sulfurioc acid. Even if this 1s posaidble,
sodium will remain bdehind in the still residue as
sodium acid sulfate. This salt may be removed by
cooling the still residue, but some acid values
would then be lost.

(5) Precipitation of potassium perchlorate or ammonium
perchlorate by the addition of potassium sulfate or
ammoniu sulfate.

Mathod (1) (Frectional crystallization of sodium perchlorate) was
ghown to be Lmpractical with sulfuric acid-sodium chlorate product
solutiors, since solubility studies indicated that sodium perchlorate
was too soluble at 0°0C., in sulfuric acid solutions to be crystallized
out of solutions of the low perchlorate concentratlon resulting from
the di~proportionation of chlorate in concentrated sulfuric acid solu-
tion, Perchloric acid-sodium chlorate product solutions showed more
promise with this method, A liter of disproportionation product was
formed using 714 perchloric acid i{nstead of sulfuric acid, Sodium
perchlorate was precipitated by chilling the product solution. At
2¢C,, the sodiun perchlorate crystal crop was 1,4 times the reaction
yield from sodium chlorate, It thus seems desirable to control the
srystallization temper~ture so 8s to remove only the sodium perchlorate
formed in the disproportionation reaction and to rsmove the excess
sodium ion as sodium chloride by adding anhydrous HCl, All the
carrier perchloric acid may then be resgycled after suitadble recon-
centration. Alternatively, all the sodium ion may be precipitated
and product per cdiloric acid separated. The perchloric acid would
Mve to be distilled should a higher concentration than the product
solution (approx. 60% HC10y) bs desired,

= B3P =
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Yethoa (2) (Addition of anthydrcus HCl) was not

thorowhly ctulied. Fownver, prolininary exmerimonts $ndicated
that alout 70F of thre soliwn lon reaaining in the filtrates from
the cumonim and rotrsoiim perchlorata precipitations may dbe
precipitated as sodium chloride from the sulfuric acid solution
oy patunatias It itk andcdrons 201,

Moth>3(3) was not experimentally studied.
Metno! (#) (Yacuun dietillation of merchloric acid) has been
slown o be rractioal. 3y working with a2 synthetic reactor

solution of the following corposlition:

NaCl0hed20 - 90,2 grams

XapS0 - 91.C grans
12504(95.5%)~ 435 mls.

Totnl Volume - 1000 mils.,

1t wa- found trat 957 of the Terchlorate could be recovered as
psrchloric acld by vacuum distillatiom., In a typic-l run

250 mi.., of tha synitheiic rocetor c2lution was charged into

a standrrd diatillatlon apvaratus. o prevent bumpins and the
formation of solid hydrntes o perciloric zcld stoam was slowly
bled inty the bollor thrmyd a eapillary tube. At 2 vacuum of
hatwesr 27 nnd 27-1/2 inches the first condsnsate of water was
observsl betwoen 41°C. and 459C. vapor temperaturs. This water
cut was roenoved [rom the 1icuid rec-lver and the <till temporatwre
slowl;r ralsod. AL A not temrerature of 128°C, and a wvapor
temperatire of ONoC,, mercilorle cald startsad ‘o 41still over anmd
was corplets when tho pot raached 196°C. and a vapor temperaturs
of 116°C. Tris zut of 35.5 ;me was found to be hl.é% porchloric
acid and 2.9% sulfuriz acld. The rasidue of 206.5 g. was found
to be 95.1% sulfirie acid (based on SOL = content) with 24
perectloric acid.

Method (5) (Precipitation of perchloratee) is the frvored
methed for recovery of potassium perchlorate from product solutions.
Mors research effort was expended on developing this method
than on the other methods.

In the first procedure used, about 844 of the vsrchlorate
present in the disproportionation reactor sclution was recovered
as ammonium and potassiwa psrchlorate, 43% of the perchlorate
was recovered as the ammonium salt and 41% as votassium per-
chlorate., Ammonium and potassium chlorides were used ag the
precipitating salts, In the second procedure tested, the use of
sulfates instead of chlorides of ammonium and potassium resulted
{n elimiration of foaming during the reaction, and 85% of the
product solution perchlorate was recovered, In the above two
procedures, 1004 excesses of amnonium and potassium salts were
used, The presence of the excess armmonium and potassium ion

in the solution after precipitatlon of the product perchlorete
would be urdesirable on & commercial acale, since this depleted
product solution would be recycled for its acid content,

- 33 =
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The following procedure was dsveloped in which the overall
excess of ammonium and potassium malts was 20%, the amount of
wash water was decrsassd and slurrying was eliminated. By
this procedure, 8l1.2% of the product solution perchlorate

was rocovered ss ammcnium (49.3%) and potaesium (31.9%) per-
chlorates. Thess psrchlorates containel some sulfate which
would have to bs removed by a recrystasllization.

Modification #3

For every mol of sodium perchlorate in the product solution,
slowly add 0.4 mel ammonium sulfats as the dry salt to the
product solution maintained at 50°C. When all solids have
besn dissclved, cool to 2°C., and vacuum filter while cold
through a sintered glass funnel. Wash the precipitate with
ice water, using 1/100th of the original solution volums,
first breaking thes vacuum before adding tbe wash water.
Filter cuickly and vacuum dry the precipitate in a desiccator
containing anhydrous calcium sulfats.

To the above combined filtrate heatsd to 50°C., slowly add

0.2 mol of potassium sulfats for sach mol of sodium perchlorate
present in the original product solution. When all solids
bave bsen dissolved, cool to 2°C., and vacuum filter while
cold through a sintersd glass funnel, Wash the precipitate
with ice water using 1/150 of the original solution volume,
first breaking the vacuum before adding the wash water.

Tilter quickly and vacwum dry in a desiccator contalining
anhydrous calcium sulfate.

In the following procedure, all of the parchlorates in the product
solution was recoversd in one prscipitation as the potassium
salt, and only 10% excess potassium sulfate was used. By this

simplifisd procedure, 88.5% of the product solution perchlorate
was recoversd as potassium perchlorate, This potassium perchlorate

contained some sulfate which would have to be removed by a re-
orystallization.

Modification 4

For every mol of sodium perchlorates in the product solutiom,
slovly add 0.55 mol potessium sulfate as the dry salt to the
product solution maintained at 50°C. When all soiids have
been dissolved, cool to 2°C., and vacuum filter through a
sintered glass funnsl. Slurry the prscipitats with ics water
using 1/80th of the original solution volums. Filter quickly
and vacuun dry ths precipitate in desicecator containing an-
hydrous calcium sulfats.

88.2% of the product solution perchlorate was recovered as
potassium perchlorate by a Modification #5 recovery method similar
to Modification $4 above, sxcept that only 4% excess potassium
sulfate was used, and the wash water used was 1/50th of the
original smolution volume and was added at roomt emperature, the

mixture then being cooled to 2°C. fer filtering. By recovery
u%-
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method Mcdification # which was similar to #5, except that
tha product nrecipitate wns wnter slurried twice, 85.7% of the
product solutlon perchlorate was recovered as potassium per-
shlorata. Thn axtra water slurrying with Modification #6 re-
duced the sulfate contont of tho product to leas than one-half
that obtained with #5.

Rocovery of Oxidized Chlorine Valuss

The volatile off-gases resulting from the disproportionation

of sodium chlorate in concentrated sulfuric acid were absorbed

in aquaous sodlum hydroxide (100 g./1. or 200 go/1.). Thess
gazss consisted mainly of chlorine dloxide, chlorine and oxygen
with some nerchlorate mist, and when absarbed in agusous sodium
hydroxide, were converted into sodium chloride, sodium hypo-
chlorite, sodium chlorite, scliua chlorate and sodium pesrchlarate.
The compositions of such absorber solutions rosulting from the
acid dispropartionation of sodium chlorate are discussed in
detail under part 2a of the Laboratory Study section of this
report, and were found to vary somewhat from run to run depending
upon reacticn conditions.

To convert these degraded chlorire compounds to sodium chlorate,
whish could then be racyslesd to the acid disproportionation colm,
several methods wers considered:

1. Electrolysis in a sodium chloride-sodium chlorate type cell

2. Addition of more sodium hypochlorite and adjustment of PE to
batween 5 mnd 9, to favor the reaction:

NaCl02 + Rall0 ——— NallOq + NaCl
3, Catalytic disnroportioraticn of sodium chlorite to sodlum
chlorate and sodium chlor:.de.

As tho electrolytic method using axistiag plant equipment appeared
to bo the most vpromising, the main effort was directed toward
the electrolytic converasion of these absordsr solutions to sodium

chlorate, while only preliminary work was done on th. last two
methods.

a. Elgctrolysis of Abgnorber Solutions in s Sodium Chloride~
Sodtum Chlorate T-ma Sell

¥York with Synthetig Solutions

- At this time ouaniitative analytical methods had not as yet
been doveloped to determina the amount of sodium chlorite
remalining in electrolyzed sodium chlorite solutions. So it
was dacided to slactrolyze synthetic abasorber solutions with
definite NaClOp make-up, and odtain X-ray analysis of the
801id electrolyzsd products.

w 98 =




Four preliminary runs were made using graphite ard platinum
iridium (10%) anodes and electrolyzing synthatic absorber
solutlions consisting of acueous sodium chlorite and sodium
chlorite-sodium chloride mixtures at 2°-5°C. 1in these ex-
periments, no attempt was made to control pH and no mechanical
agitation of the elactrolyte was used. 7The calculated current
afficiency varied from 30 to 90% but nevertheless sodium
chlorate was formed, and no large amount of sodium chlorite
remained as shown by X-ray analysis (chemical analytical
mathods, then used, would not distinguish hetween sodium
chlorite and sodium chlorate). These results are shown in
Tadle XVI. In the elsctrolysis using vletinum-iridium anodes,
a dark brown layer formed in the electr(lyte which at first
was assumed to he unstable, explosive higher oxides of
chlorine, but after continued electrolysis the entire elec-
trolyts becnms water white.

After it became clear that these cells wero r.ot dangerous,

it was decided to control the v of the electrolyte manvally
by the addition of 37-38 welght percent hydrochloric acid.

To obtain uniform composition of the electrolyte, the call was
equipred with a mechanical stirrer. According to the results
shown in Table XVII, elecirclysis in slightly alkaline elec~
trolyte at 0° to 8°C,, mve a somewhat lower current efficlency
(from 52 to 53%) trhan slightly acid electrolyte (from 63 to
79%), using graphite snodes. Altnough sodium dichromate is
used in commercial chlorate cells, the addition of 4 g./1.

of sodium dichromate to the sodium cihlorite-sodium chloride
electrolyte apparently did not increase the current efficlency.
Chemical analytical methods were developed to determine sodium
chlorita as euch and none was detscted.

“he erosion rate of a new graphite anode increased from 2 lbs.
to 25 1bs. of anode eroded per ton of chlorate formed after
four runs. When a magnetite anods was used undsr similar con-
ditions, the ercsion rate was found to be about 7 lbs. of
anode eroded per ton of chlorate formed.

¥ork with Absorber fclutions

Three absorber solutions in which the caustic content had

baen neutrnliged by the absorption of off-gases from the a ¢id
digproportionation of one (1) 1b. of sodium chlorate were
combined, fortified with more sodium ckloride and sodium di-
chromte added (4 g./i. of NazCr207'2820). After elsctrolysis
in a chlorate-type cell with a graphite anode, tha resulting
electrolyte analysed about 400 g./1l. of sodium chlorate and
about 111 g./1. of FaCl with only a trace of NaClO, found.

The current efficiency was about 63% with adout 93% recovery
of the s80lid material after elsctrolysis. On electrolysis of
a similar aueorbar solution from another disproportionation
expasriment, the electrolyte analyred 450 g./l. of =20dium
chlorate, 88 g.fl. of FaCl, and 16.7 g. 1.Nall05. The current
efficiency was about 72% with about 89% recovery of tha solid

material after electrolysis. Details of these elsctrolysesme
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shown in Tabtle XVIII, The disproportionation experiments
from which the above absorber solutions were obtained are de-
scrited in Tatles XIX and XX and part 6 of the Laboratory
Study section of this report.

Addition of More Sodium Hypochlorite and Adiusiment of pH

Some preliminary work was done on the reacticn between sodium

chlorite and sodium hypochlorite to form sodium chlorate and
sodium chloride.

J. T. White, M.C. Taylor and G.P. Vincent (3) found that t..e
reactions of a solution containing both a chlorite and hypo-
chlorite depend upon its pH. In very alknline solutions,
mixtures of chlorite and hypochlorite lons undergo little
reaction in & period of hours. At low alkalinity (pH from

6 to 9), where hypochlorous acid is also present, a chlorate
and chloride are rapidly formed, sometimes accompanied by a
trace of chlorine dioxide. The overall reaction is:-

F¥aCl0p + NaClC —-—-p NaCl04 + FaCl

However, in all acid solutions, (pE from 2 to 6) chlorine or
a hypocnlorite causes the chlorite to disappear immediately
upon mixing, chlorine dioxide being formed.

Thus it was thought that if the direct electrolysis of absorber
solutions containing chlorite was unsucceseful, a possible
solution to the problem would be treatment of the absorbder
solutions containing chlorite with hypochlorite or chlorine

to form a solution containing chloerate and chloride, followed
by conventional electirolysie in a chloride-chlarate type csell.

In the series of preliminary experiments, solutions of sodium
chlorite and sodium hypochlorite (also containing sodium
chloride, since the solution was prepared by passing chlorine
gas into sodium hydroxide solution) were adjusted to pH values
of about 6, 7, 8, 10 and 12, Then the solutions were mixed in
quantities such that stoichiometric amounts of sodium chlorite
and sodium hypochlorite were present. The resulting solutions
after standing overnight were svaporated to a white solid on
a steam bath using vacuunm.

X-ray analysis of the five runs indicated incomplete reaction,
tince NaCl, XaClO0, and NaClO, werse present ir the final product.
Evidently an equilibrium condition existed:

NaCl0, + NaCl0 ¥—— NaCl0 + Na(l

An excess of scdium bypochlorite might give more chlorate, con-
suning all of the chlorite,

Since electrolysis of ebsorber solutions in a chlorate-type

cell has proven successful, further effort in thie direction
was abandoned,
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Catalytic Disproportionation of Sodium Chlorite to Sodiug
Chlorate pnd Sodlwum Chloride

Richard W. Brown (2) raportsd that aqueocus chlorine dioxide
hydrolyzed into chloric and hydrochloric acids at 96.5°C.

wben a catnlyst was present. These catalyzed aqueous chlorins
dioxide solutions became atabhle after a bout 16 hours at 96,5°C.
(about 40% hydrolysed). The catalyst apparently is produced
by overlicating an impure grade of potassium chlorate when pre-

rering chlorine dioxide by the reaction of chlor~te and oxalic
acid,

It was thought that perhaps sodium chlorite could be cataly-
tically dieproprortionated into sodium chlorate and sodium
chloride at adbcut 1C0°C.:

JNaCl0p ———3 2NaCl0y + NaCl

Some exploratory test tulLe exporiments were tried, adding
various metsllic ions to a sodium chlorite solution of ¥mown

concentration, dbut no experimental datm of any value was Ob-
tained,

Further study in this direction was adbandoned, since electroly-
sis of absorder solutions in a chlorate-~-type cell hae proven
successful,

6. Larze Scale latorajory Preparaticne with Packed Column Reactor,
and Projecied Syclic Frocegsn

a.,

Larze Scale Laboratory Preparations

Following the procedurs devaloped for cerrying out the dis-
proportioration of zodium chlorate with 83%¥ gulfuric acid as
outlined at the end of part 2(bt) of the Laboratory Study
saction of this report, two large laboratory scale runs

{(#111 aud #113) were mr o in each of which the charge was

one pound (460g.) of souiun chlorate. Tables XIX and XX

show the complete datn and reaulis of these experiments. The
convorsions of sodium chlorats ‘v perchlorate were respectively
2L,5% and 29.9%, and the absorbed off-gases contained respec-
tively 90.6% and 91.6% chlorine dioxide, (9.4% and 8.4% Cl1,),
showing a hizh level of recuvery of oxidizing walues. Tadble XVIII
and part 5 of the Laboratory Study section of this report give
the detalls of the successful chlorate cell electirolyses of
these caustic solution absorbed off-gases to reform sodium
chlorate which would be recycled in a continuous process.

The recovery of perchlorates from the preduct solutions of
these runs is cove 1 in part 4 of the Laboratory Study section
of this report under Modificatiomns #3 to #6 of the ammonium
and potassium perchlorate precipitation methods. By the pre-
ferred method, product solutlon perchlorate was precipitated
with 4 to 104 excess potassium sulfate giving an 88% recovery
of potassium percllorats.
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b.

Material balances were made on these two runs to show

a breakdown of the consumption and loss of sodium chlorate
in the process.

The resultes are tabulated in Table XXI, and show that the

total consumption and loss of sodium chlorate was 1.7 to 2.2 Kg.
for each kilogram of sodium perchlorate produced. Of this
amount, 1.16 Kg. NaClOq was theoretically rsquired. The smaller
losses in Exveriment 13 represent improved operational tech-
niguss over Experimsnt $111, and more nearly indicate what

might be expected in large scales opsrations,

Brojected Cvclic Process and Cosy Eatimate

Preliminary to the preparation of the cost estimate, it was
necessary to prepare on paper a projected cyclis process baged
on batch operation data with the packed column reacter. Flgure
No. 3 shows this projected cyclic process based on the data of
expe-imant #111. A somswhat more efficient process would have
resulted from the higher yield data of oxperiment #$113 which,
however, were not available at the time. Thus, the process
shown and the cost estimato based upon it may be considered

to be on the conservative side.

A cost estimate on the disproportionation procese based on the
results of experiment #111 was prepared. The estimate was
mades on the basis of a plant producing 10,000 tons ver year
of potassium perchlorate. A total cost of 20.2¢/1b. KC1Oy
was found by the disproportionation process as compared to
l“.Of/lh. KC10y, by the slectrolytic process using platimum

anodes, Detalls are given in Appendices A and B of this
repart.

At the conclusion of this ressarch, a reques: wis received
from ONR for a cost sstimate based on recovering ammonium
perchlorate product. The rRolubility of ammonium psrchlorate
1s greatar than potassium perchlorata, and so its recovery
by precipitation from the disproportionation product solu~
tion woulid not be as efficient. Therefore, it was concluded
that the moet practical and economical method would bhe to
first remove 95% of the perchlorate from the disproportiona-
tion product sciution as perchloriec acid, by vacuum distil-
lation, (see Page 33), and then resct ths recovered 42% per-
chloric acid v¢ith anhydrous ammonia. The pure ammonium per-
chlorate would then be completely racovered by evaporating
the solution tc¢ dryness. Basad on thie recovery method,

the cost of ammonium perchlorats when produced in a 10,000
ton per year plant was found to be 21.5¢ per 1b. NE,C104.
Details cf the cost astimate are given in Appendix C of

this raport, An outline of this procedure for the recovery
of ammonium perchlorate product in the acid disproportiona-
tion process is shown in Pigure 4, and is based on the same
scale of operation as the cyclic process shown in Figure 3
with changes only in the treatment of the product solutien.

- bb4 o
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TABLE XXI

MATYRIAL BALANCE ON SODIUM CHLCRATE IN ACID
DISPROPCRTIONATION PROCESS

BASIS -~ 1 Kg. Sodium Perchlorate (NaClOp)
Produced

EXPER IMEKT MO,
111 113
Product - NaGlOB consumed in forming .
NaC10),, Kg. 1.16 1.16
Procass Loss, decomposition of C1O
and handling, Xe. 1.05 0.55
Recovery, Cl0, off-gases and unreacted
NaCIOB, KS. 1036 1023
Charge, sum of NaClO4q in Product, Process
Less and Recovary, Kg. 2.57 2.94
L
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5ISPROPQRTIFATION PROGESS

Materinl %o ba Processod

Product Solution (Produced ty cyclic process shown in ¥Figure 3)

Volume - 17.4% liters

28 g. NalloO

999 &. NaClly,

17.73 Kg. H,y$0, (100%)
9.16 Kg. HpD

ot d

Removs 95t of the perchlorate as perchlori:z acid by vacuum distillation at

27 inches mercury. React the rezovered perchloric acid with anhydrous am-

monia to form ammonium perchlorate.

2rocone Dotails

1. At a vapor temperature of 40°-50°C. (86°-112°C. pct temperature), 5.44 Kg.
water are ccllected in the receiver and cold trap. Cold trap and recselver
are drained, and vol temperature raised.

2. At a vapor temperature of 92°-116°C, (128°-196°C. pot temperature), a per-
chloric acid cut is collectad in the receiver. The volume is 1430 ml.,
welghing 1865 g. and analyszing 41.6% HC10y, or 777 g. HC1Oy. 409 ml.
water are collected a% the sams time in the cold trap.

3. The residue in tha distilling pot then is

Volume - 11.0 liters
28 g. XaCl0
50 g. NaClO[
17.35 Kg. HpS0p
2.22 Kg. H,y0
«55 Kg. Ne,S50,
As this residue is cooled to roomt emperature, a precipitate of 865 g.
NaH, (504)2°H20 is formed. This acid sulfate precipitate is flltered
off and combined with a similar filter cake obtained on the mixing of
83% sulfuric acid and sodiua chlorate solution.
4, The acid filtrate
Volums - 10.5 liters, approx. 89% E,S0y
28 g. NaClO
50 g. NaClOy
16.81 Kg. HoS0y
2.15 Kg. HZO
+29 Kg. ¥a250)
is combined with 7.55 Keg. 96% HpS04 (66°Bé) and 2.%8 Kg. water to form
16.5 liters of 83% sulfuric acid for recycle in the disproportionation
process.
5, Ammonium pesrchlorats is formed by bubbling 138.3 g. (5% excess)

anhydrous ammonia through the 41,6% perchloric acid, and evaporating
the solution to dryness to form 309 g, ammonium peirchlorate product.

.
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IARLE XXI1

SOLUBILITY OF SODIUM SULFATE IN SULFURIC ACID
AXD WATER AT 25°C. (12)

Basls - 10C0 grams of the solution contain:

Mols Mols
504(or HpS0y)| NapSOy Solid Fhase

5.91 0.409 NaHSOy
6.30 0.332 .
6,64 0.257 NaHSOy + SaH3(S0y)2°Ey0
6.90 0.173 FaH,(804) 58,0
7.36 0.071 :
7.74 0.047 L
7.82 0,044 ®
8.12 0,037 .
8.29 0,042 ’
8.40 0.046 "
8,70 0.076 ’
3.86 0.156 "
8.93 0.259 "
8.93 0.269 o

. 8.93 0.273 "
8.84 0.527 " (Unstable)
8.73 0.681 * (Unstable)
8.70 0.808 ' éUnutablo)
8.62 O.ggz * (Unstabdle)
8.62 0. * (Unstabls)
8.61 0.899 " (Unatable)
8.87 0. L5 HaH,(50,,)5°H,0 + NapSOiel-1/2Ho50y
8.93 0.437 Na.zg())pﬁ_llﬁzsob
9.08 0.354 "
9.36 0.425 "
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' It 18 recognized that potassium perchiorate could also be
produced by reactineg potassium hydroxide wiin perchlorie
acid which had besn vacuum distilled from the dleproporiiona~
tion product solution. Just as for ammonlum perchlorate adove,
this pota sium perchlorate would be free of sulfate and re-
quire no further vrocessing other than evaporation of the
solution to dryness. The cost of potassium perchlorate by
this rscovery method is estimated to be no higher than by
precipitation from the product solution.

A necessary requirement for a workable cyclic process is the
recovery and racycling of the sulfuric acid solution remaining
after precipitation of the product perchlorate as the ammonium
or potassium salt. A poseible bulld-up of the concentration
of sodium ilon hLrought in with the sodium chlorate would have
mads neceesary the disgarding of all or part of this acid
filtrate. However, dus to the fortuitous minimum solubility of
sodium sulfate in sulfuric acid solutions in the zoncentration
rangs used in the disproportionation process, only a minor
amount of sodium ion remained in the acld filtrate after product
recovery. A large amount of the sodium was removed in the
bisulfate-acld filter cake formed in the initial mixing of 83%
sulfuric acid and sodium chlorate soluticn (650z./1.). An
additional amount of sodium ie removed in the projected cyclic
process as a bisulfate-acid precipitate when the acid filtrate
from the perchlorate product is reconcentrated by pariial water

‘ svaporation prior to refortification with 204 oleum. Table XXII
gives the solubility of sodium sulfate in sulfuric acid and
b water at 25°C, The concentration of sulfuric acid at various
stages in the disproportionation process when starting with 83%
sulfuric acid falls in the range of 6.9 to 8.2 mols. HpSO4 per
1000 prams of solution, in which range the corresvondins solubilif
of sodium sulfate is C.17 to O.O4 mols per 1000 grams of solu~

tion. 0.04 mols MapSCy ver 1000 grams of solution is the point
of minimm sodium sulfate solubdbility.

c. Safoty Praecautions

Safety precautions mist bYe a prime consideration in carrying
out the acid disproportionation process, especially on a com-
mercial scals. Foolproof measures must de taken to prevent

the formation of explosive concentrations of chlorine dioxide
in the vapor state and high concentrations in the acid-chlorate
solution. The literature has no statement on the explosive
nature of aquaous chlorine dioxids soiutions in the presence
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of other substances. In thia ladoratory (%), no explosions
were observed whon aguaous solutions of chlorine dloxide
ranging from 25 to 50% were tested for stability by adding
various organic substnnces, hydrogen psroxide, 108 ferric
shloride solution and concontrated hydrochloric acid, and also
by subjesting the chlorins 1ioxide solutions to ultra-violet
rays. However, chlorine dioxide solutions may still bs po-
tent!ally dangeroue, and ni;h concentrations should be avolded.

The chlorate solution sho:1d be added in a slow drip to con-
contrated sulfuric or othrar nnid with a contimuous budbdbling and
flushing of air or other inert gms through the sclutlon to
gwesp the chlorine dioxide as fast as formed out of the reactor
vessel. In event of stoppage of gas flushing for any reason,
thera should be provision for automatic opening of the vessel
to a vant stack and a conlous auxiliary supply of flushing

gas through the reactor solution., The mixing of chlorate and
aclid solutions should preferadly be carried out in a series of
relatively small r eactors rather than in one large vessel,
Glass or ceramic lined equipient is recommended in preference
to any of the common metals. Linings of certain of the inert
plastic materials might prove practical,

High concentrations of chlorine dioxids gas are known to be
violently explosive. It is industrial practics to maintain

the rartial pressure of chlorine dioxide bdslow 30 mm. of mercury
by 4iluting ths gas as formed with air, Thes industrisl handling
of chlorine dioxide at this dilution has been reported (5)

quite safe, Therefore, in any 9f the ¢nerations of the dis-
propartionation process, such as mixing, filtering, or columm
percolation, provision muat be made fer adeguate dilution of the

released chlorine dioxide gas with a2 flushing stream of air or
other inert gas,

All chlorins dioxide contalning gas etreams should be passed
through caustic absorbing solutions of 100 to 200 grams NaOH
per liter. Warning of an approaching chlorine dloxide satura-
tion of the adbmorder solution is given by the appearance jof
successively darker shades of amber colar. ¥When the soI&llon
has reached a moderats but not dark amber color, it should de
removed from the train of absorbers. Acid or neutral solutions
of chlorine dioxide are unstable and possidly explosive,
therefore, thse pH of the saturated adsorber solution should

be immediately chocked and adjusted to pHS or highar. Con-
tinmuous pE measurement of the caustic absorber solutions

and thelr removal from the train at pH8 to 9 would be preferadle
on an industrial scale.
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The decomposition of chlorates by strong acids has beexn known for

many years, but very little study hae been g iven to the reaction.
Following the early obeervations of Stadion, Penny and Millon in the
early 1800's, no work appears to have been done until 1922 when Lenher,
Stone, and Skinner (6) studied the action of a number of acids. The
reaction with sulfuric acid was reported to yield perchlorate and

oxides of chlorine (principally the tetroxide). It was stated that

this reaction could be carried out without danger by adding the sulfuric
acld slowly and preventing the reaction mixture from becoming warm.
Yields with various acids were given as follows:-

HpS0y cone., 50 ec./2-5g. KC104, S hrs. - 11%
KNO3 conc., repeatsd evap. on steam bath - 30%
B4POy, 85%, boiled - 15%

Cr04 with enough water to effect solution - 11%

Formic acid ) decomposed KC105 but
Trichloroacetic acid )

Hydrofluoric acid ) yielded no perchliorate
Eydrochlorie acid )

Chloric acid

Persulfuric acid

Permanganic scid, 20%

Arsenic acid, 50%

Acatic acid, glacial or dilute
Monochloroacetic acid

Oxalic acid, saturated
Tartaric acid, 25%

Lactic acid, 25%

did not decompcse K0103 at

the bYoiling teuperature

Eampel, in U.$. Patents 2,489,571 tbrough 2,489,575 (1), discloses

a cyclic prooess for producing porchlorates and chlorites of different
metals by the action of a mineral acid (H 250, HKO H3P04, EClO
E,SiF¢ or HF) on a chlorate in a chloride—free medfun.” The basic
reaction (M=metal, Reacid radical) is

2R + 3M0103 ——3» M010p + 20105 + 2R + Hp0

In this reaction the yield of perchlorate, ir the case of the sodium
salt, would be NaClOy/3NaCl0O, = 38.3%, equivalent to a 33.3 weight or
mol pergent conversion of sogium chlorate to perchlorate. Eowever,

the chlorine dioxide can be absorbed in an mlkaline solution as follows:
20102 + 2M0H ——=p MCIOB + M0102 + Hy0

Thue, one mole of shlorats iz racovered and the overall yield of sodium

perchlarate would be NaClO4/2Nall03 = 57.4%, equivalent to & 50 welght
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or mol percent conversion of sodium chlorate to perchlorate. By a
propar cholce of acld and by using the chlornies of two metals in the
proper proportions, the separation of the perchlorate from the cther

sali formeld can be readily acsomplished on the basis of differsnce in
solubility.

ZR + MCi05 + 2&!'01% ———p MC10j + 2M'R + 2010, + H30
A similar expsdient can be used in the chlorine dioxids sbsorption.
2C10 + NOH + MVOH ——ep MCL04 + M'C105 + Hp0

In this process, the excese acid required for the chlorate dscomposition
would have to bs recovered and reconcsntrated; and since 33% of the
chlorate is not converted to perchlorate, a market or use for the
chlorite would have to bs developed.

In a later series of patents, izsusd to the Oardox Corporation, C.A.
Hampel and W.L. Norem (7) in reacting N¥a0lO3 and K010, with H504

to form KClO4, 010, and NeHSO4, separated the latter solid components

by filtration from the reaction liquid, then treated the eolid components
with a limited amount of E;0 at 25¢ to dissolve the FaHSO, and recover
the so0lid KClUy. The filtrate is cocled to 6°, whereby Ha 804°10H,0

is urystallized ocut. The mother liquor may de treated with Fax00

or FaOH to convert the reaidual H,SO4 to RapS0, fer recycling or
evaporated to recover stou in a congentrated fora.

C.A. Hampel recovered the chlorine valuves by reacting chlorine dioxide
with equivalent amounts of K(H and NaCH and obtainedX(10q and anhydrous
NaClO5 by suitable crystallisation procedurss (8); or by reacting
chlorine dioxide with RKaCOB and XC1 to obtain KCl0n, NaCl and annydrous
FaClO» (9); and by reacting chlorine dioxide with“a mixture of lime,

X»S0; and NapS0y to obtain KO].OB and a mixture of 95% Kn0iOp and
5% CaSOp (10).

A continuocus cyclic process in which a mixture of sulfuric acid and
sodium chlorate was reacted at a temperatura between 55° and 60°C,
primarily to produce chlorine dioxide weak in chlorine rather then
prrchlorate was recently disclosed in the German Patent No. 878,486
iseusd to Max Audoynaud (11). Sinse the obJect of this invention was
to produce chlorins dioxide by bubbling a finely dispersed air or

inert gas stream through the chlorate-sulfuric acid solution rather
than to produce perchlarate, no figures were given on perchlorate
yield. However, it was stated that for dscomposing 531.8 kg. of sodimm
chlorate, 953 kg. of N,S0) (100 basis) was consumed producing 226.7 kg.

of C10; (96%) and 10.2 kg. of Cly (4f). The percentage of chlorate
tranzformed into chlorine dioxide was 67.5%.

The conditions and yields for this process correspond closely to those
found for ihs scid dispropartionation method for perchlorate. The
H28Cy (1004)/HaCl03 ratio for matarial consumed for the German process

is thu.i‘%%‘%a = 1,79 where in this work the corresponding ratios found

were 1,48 and 1.53 in large scals lahoratory experimenta. The percentage
of chlorate transformed into chlorine dicxide wae 67.5% in the German
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process; in this work the maximum percentags amounted to 62%.
part 6 of the Laboratory Study section of this report.)

(See
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fatent Sitvation

A patentability and infringement study was completed on the projected
process which is a cyclic procass for acld disproportionation of sodium
chlorate producing potassiwa perchlorats or ammonium perchlarate.

In the projectsed process, sodium chlorate and 83% sulfuric acid are

mixed in a blender, sodium acid sulfate bheing precipitated. The resulting
nixture is subjected to vacuum filtration, with an air blesd to sweep out
chlorine dioxide and chlorine, and a filter cake containing predominantly
sodium acid sulfate and sulfuric acid 3s removed. The filtrate is then
passed through a packed column reactor in two passes, utilizing a tempera-
ture of about 70°C. on the first pass and 110°C. on the second nass. The
product solution is essentially a solution of sedium perchlorate, to walich
potassium sulfate is added, resulting in tho preciritation of polessi-un
perchlorate, which is the desired product.

In an alternative embodiment, the product solution may be sublected to
vacuwun distillation, resulting in removnl of 95% of the perclilorate as
perchloric acid, which is then reacted with anhydrous ammonia to fo-m
substantially pure ammonium perchlorate.

The off-.gases from the blender are absorbed in sodium hydroxide soluticn
to produce a saturated gas scrubber solution containing sodium :hiloride,
sodium hypochlorite, sodium chlorite and scdium chlorate, this mixiwrs
being subjected to chlorate cell electrolysis, with additiopa) s8altv, to
produce an electrolyzed product containing sodium chlorate and sodium
chloride. The sodium chloride is removed from the electrol :z¢d product

by crystalliization, ana the sodium chlorate is concentrated and recycled
to the blending step.

No question of infringement of any unexpired U, S. patents appsars to be
involved in the operation of this process or in any of the component parts
thereof, with the exception of i{he patent to Audoynaud, No. 2,641,523,
assigned on its face to Mathieson Chemicml Corporation, whigh discloras
and claims a process of producing chlorine dioxide which comprises passing
a ocurrent of finely divided inert gms into a solution warmed to about
55=-60°C, and consisting essentially of metallic chlorate in a concentratad
mineral acid, which may be sulfuric &cid, and recovering the resulting
chlorine dioxida which has been released and removed from the solution by
the action of the current of firely dividsed inert gzas. While the temperature
in the blender in the projected process is stated to be 35-40°C,, It I8 nct
believad that this temperature difference would avoid infringement of the
Audoynaud patent unless the patentee took a position during prosecution of
his application which 1s inconsistent with & broaderning of the temper-tiure
range in the claims to include the range of 35-40°C., Howevar, the pataont
to Audoynaud presents no bar to the operatlon of the process. Thus, 1t

is disclosed in the patent to Hampel, Yo. 2,489,571, assigned on its face
to Cardox Corrmoration, that an inert gas 1s passed through a reaction
chambor in which chlorate decomposition is belng carried out in order to
remove chlorine dioxide from the reaction zone. The gee may be, o.;., alr
or nitrogen., Hampel also discloses that the temperature should bs xept
below about 70eC., as ahove this temperature chlorine dioxids ma; de.gin to
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decompose thermally, and also discloses that although the dscormposition
temperature will vary with the concentration of the chlorine dlsxide ir the
caxrier gas, the lowsr the concentration, the higher the safe temporature
1limit, Hampel states further that the useful tempsrature range is from

000, to about 70°C., the rate being about four times as great at $0°C, as it
is at 25°C. Unless the patentes, Audoynaud (a resident of France., can

show an invention date in the United States prior to February 1, 1946, the
f11ing date of the Hampel patent, it 1s helieved thut the Hampel patent con-

stitutes an anticipation of the Audoynand disclosure and olaims ~nnd that
the latter ia therefore inwvalid.

The most pertinent patent discovered, as regards the entire process, is the
Hampel patent aforementioned, which discloses a cyclic process for producing
perchlorates and chlorites of different metals, in which either two chicrates
or one chlorate and another salt are reacted with an acid, which may te
sulfurio acid, while an inart gas, as previocusly noted, is passed throuech
the renction chamber in which the chlorate decomposition i¥ bhaing carried
cut. The patentes discloses that the acld may be all fresh acid or part

of it may be obtained by regensration within the system. A higsh azid corn-
centration 18 indleated in view of the statemant that the rescticn will
nearly cease 1f the concentration is below 60% and, in certain of the
examples, sulfuric acid of 85% concentration is employed. Tha temparmi-re,
as previously noted, 1s kept below 70*C. due to the adverse sfoctis upon
chlorine dioxide reesulting from operation above this temperaturs.

The patentes also discloses the ssparation of perchlorats from tha salt
which 18 formed with the acid radical =nd states that sufficlen: water may
be added to bring in seolution all of the more soluble ones of tlese rvroiucts,
the inaocludle product then beingz separated by simple filtration or centri-
fuging.

The chlorine dioxide produced 1s reacted with an alkaline materin® in an
aqueous mec ium to form a chlorate ard a chlorite, this operation being
generally performed by passing the chlerine dioxids gas through a water
solution of the aulkall, a suitable initial concentration of alkaline com-
pound being approximately 15% by weight. The patentes further states that
the quantity of absorbing medium reguired may be changed by varying the
temperaturse, the liquor circulation rate, the time of contact betwean il

POTNR

Yaa

gae and tha absorting medium, and the concentration of the alkeline material
in the atsorbins medium,

As previously noted, the Hampel patent presenis no question of infringement,
gince each 0f ths claims requires the presence of a third reactan: 'rn addi-
tion to a strong mineral acld and a metal chlorate,.

The patent tn Fampel et al., ¥o. 2,496,287, asseigned on its face to Cardox

Corporation, is of interest in connaction with the step of precipitating

sodium acid sulfate in the blender. This patent relates to a process for

separating chemiocal compoundes in which the components to be separated are

sulfuric acid, potassium nerchlorate and sodium acid sulfate., The process
involves filtration of a slurry containing the three components to ramove

the excess sulfuris acid, the fllter cake belns transferred to a washer

in which it is treated with water in an amount sufficient to disscive all
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of the sodium acid sulfate contained in the cake. The slurry of solid
potassium perchlorate in a solution of sodium sulfate and potassium per-
chlorate in dilute mulfuric acid is filtered, wheredby the 20lid potasslium
perchlorate is ssparated for drying. In view of the known solubilities

of potaesium psrchlorate and sodium perchlorate, it is belleved thrt no
invention weuld be exercised in maintaining sodium perchlorate in solution
and seperecting sodium acid sulfate by filtration, thie conclusion deing
fartifisd by the disclosure of the Hampel patent No, 2,489,571,

The patant to Given, No. 1,273,477, mseizned on itz face to Atlas Powder
Company, is of intereet in connection with the step of wacuum dietillation
of the product solution to produse a perchloric acid which is then reacted
with ammonia to fo-m ammonium perahlorate. he Given patent relates to

a method of producing ammonium perchlorate in which a soluble perchiorate
ealt is treated with ammonia gas in the presence of carbon dioxide. If ons
skilled in ths art would know, ae a result of this discloeure, that a rure
percnloric acid could be reacted with ammonia to producs a purs ammonium
paerchlorate, then it ie believed that the Given disclosurs constitutes an
anticipation of any novelty which may rsside in this step, although 1t is
not intandsd that any inferencs of patentability be drawn from the atscencs
of more pertinent patent literaturs, since it i3 bhelieved that the reaction
of perchleric acid with ammonia to produce ammonium perchlorate is obvious.

The natent to Schumasher, Ko. 2,511,516, aseigned on its face to Western
Tlectrochemical Company, and the patant to Vanharen et al., No. 2,58L,874,
asaigned on ite face to Solvay & Cle, ars of interest in connection wiwh
the electrolysis of the eaturated gas ecrubber solution, the former patent
disclosing and claiming the improvement !n a process for making sodium
chlorate by the elsctrolysie of an aqueous eolution containing sodium
chloride and a small amount of sodium chromate, which consists of continuously
withirawing elsctirolyts [i'om nn electrolytic cell, continuously passing
into the electrolytic cell an electrolyte consisting of the mother iiguor
from the said withdrawn electrolyte, after cooling to remove the excess
eodium chlorate, and containing not less than 75 grams per liter of sodium
chloride together with not less than about 400 grams of sodium chlorate

per liter, the slectrolyte having a pH of about 6,1, and slectroylzingc

the circulating electrolyte to produce additional sodium chlorate. The
latter patent discloses and claims the process of preparing an alkall

metal chlorite which comprises subjecting to elsctrolysis as a catholyte

in a diaphragmed elactrolytic cell an ajsuecus solution comprising an alkali
metal hydroxide, and simultaneously introducing chlorine dicxids into dirsect
contact with the polarized cathode in a quantity stoichliometricslliy in excess
6?7 the hydrogen discharged at the cathcde, while maintaining the catholyte
elightly acid to nearly neutral, theredby obdiaining the chlorite.

The patent to Cunningham, No. 2,169,066, assigned on its face to The
Mathieson Alknli Works, Inc., 18 of interest in connection with the
absorption cf off-gasee from the blender in sodium hydroxide svlutlion, the
patent disclosing that chlorine dioxide is adbsorbed in anameous solution
containing sodium hydroxide in suitadble amount until the solution is sub-
gtantially nesutral, this step being incidental te the preparation ard
separate recovaery of sodium chlorate and sodium chlorite.
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The following patents are of general interest:

Patent i{
Funhar Date Inventor Assignee i
2,280,938 4/28/i2  George P. Vincent The Mathieson Alkall Works,Inc.
2,489,572 11/29/49 Clifford A. Hampel Cardox Corporation

2,489,573 11/29/49  Clifford A. Hampel Cardox Corporation

2,489,574 11/29/49  Clifford A. Hampel Cardox Corporation

2,489,575 11/29/49  Cl1ifford A. Hampel Cardox Corpcration

From the foregoing, 1t 1s apparent that there is 1ittle novelty in the
projected process. It may, howaver, be possible to obtain limited patant
coverage of ths process as a whole by including specific limitations in
the claims, which mizht influence the Pntent Office to allow them. It

is also obvious, however, that no broad pntent coverace can be ottained
in this case.
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Including rav materiale, labor, maintenance, utilities
and processing cost for sodium perchlorste . . . . . . . 13.74/1b.

Indiragt Qost

Including plant overhesd (guperiniendent, shift supervisors,
chemists, office workers, plant guards, etec.) . . . . . 0.38/1v.

2otal Coni

¥ot including administrative overhead and fee of the operator,
or dﬂproci&tion. taxes and insuranc® . o« ¢ o+ ¢ ¢ o o o+ o lhooﬁ/lbo

2ronaas

Sodium chlorate liquor is fed batchwise to slectirolytic
cells employing copper anodes plated with platimum, The
produc% of elactrolysis, sodium perchlorate, 18 convarted

to the potassium salt by the addition of a hot, concentrated
solution of potassium chloride. The product is then cooled,
crystailized, filtered, and dried.

Investment Cost

Sodium Perchlarate Plant . . + « o o o o o o o « = - - $2,576,000
Potassium Perchlorate Plant . . ¢« ¢« ¢« 5 ¢ o o ¢ o o »

Total . . . . $%,690,000
2roductive Capagity
The potassium psrchlorate plant i1s bassed on a production

of 10,000 TPY. The sodium perchlarate capacity is keyed
to the production of potassium perchlorate.

Eraobable Accuracy of Rstimate

This sstimate is balieved to have an accuracy of + 20%.




B. Qoat Epiigate on Potassium Perchlorate by The Acid Disproportionation
Erocoss

SUMMARY SHEET
2iregt Cona%

Including raw material, labor, maintenance, utilities
and processing cost for sodium chlorate . . . . . . . . . 24,048/1b.

Indirect Comt

Including plant overhead (superintendent, shift supervisors,
ct.emists, office workers, plant guards, 6tc.) . . . . . . 1l.2£/1b,

Dy=Product

Sodium bisulfate and sulfuric acid by-products are credited
for the eguivalent sulfuric acid at $19 per ton of sulfuric

BCAd . vt e e et e e e e e e e e e e e e e e e e e 5.08/1D,
Iotal Cogt

Not including administrative overhead and fee of the operator,
or depreciation, taxes, and insurance . . « . . o o o o 20.2¢/1V.

£rocess

Sodium chlorate rraduced by the electrolysis of sodium chloride
(NaCl) and recycle sodium hypcchlorite (NaCl0) and sodium chlorite
(NaC10,) is mixed with 83% sulfuriec acid for six hours at L0°C.
with tge continued injection of 50°C., molst air, The formed sodium
bisulfate-sulfuric acid is removed by filtration. The flltrate is
heated in a packed column to 70°C. The effluent chlorine dioxide
gae stream from the blenders, filters and strippers is reacted with
dilute caustic soda and recycled to the sodium chlorate cells after
partial evaporation.

The liquor from the stripper is rescted with potassium sulfate at
50°C. The products of reactlion are cooled to 2°C. and filterad.

The filtrate is partially evaporated, mixed with oleum to obtain

83% sulfuric acid and returned to the blenders, The formed potassium
perchlorate is then vacuum dried and prepared for sale.

Investment Cost

Sodium Chlorate Plant . . « . « « « &
Sulfuric Acid Plant . . . . « ¢ « &
Potassium Perchlorate Plant . . .

e « « « « . « $5,300,000
© ¢« « « o o s 1,100,000

Total . . . §11,853,C00
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2y=Product

The acid disproporticnation method proéuces a mixed filter
caks of about 3.5 pounds of sodium dbisuvifate and 3.8 pounds
of sulfuric acid per pound of product. This by-product is
oradited for the sulfuric acid content at $19,00/ton.

Productiye Capacity

The potassium pverchlorata plant is based on a production of
106,000 TPY. The scdium chlnarate, sodium perchlecrate and
sulfuric acid capacities ars keyed to the rroduction of
potassium perchloraise.

Probable Acowracy of Estimate

This estimate is believed to hava an accuracy of + 20%.
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Including raw material, labor, maintenancs, utilitiss and

processing cost for sodium chlorate 25.8¢4/1%.
Indirect Cosi

Including plant overhead (superintendant, shift supervisors,

chemists, office workers, plant guards, etc.) L. FE T
By=Product

Sodium bdbisulfate and sulfuric acid by-producta are credited
for the equivalent sulfuric acid at $19 per ton of sulfuric

acid Je6f/ 10,
Zotal Cos!

Not including administrative overhead and fee of the operatcr,

or depreciation, taxes and insurance 21.5¢/ 10,
Process

Sodium chlorate produced by the slectrolysis of sodiuam chloride
(RaCl) and recycle sodium hypochlorite (NaCl10) and sodium chlcrite
(NaC102 is mixed with 83% sulfuric acid for six hours at 40°C. with
the gontinued injsstion of 50°C. moist air, The formed sodium bi-
sulfate-sulfuric acid is removed by filtration. The filtrate is
heated in a packed colum to 70°C. The effluent chlorine dlioxide
Zas stream from the blenders, filters and strippers is reacted witn
diiute caustic soda and recycled to the sodium chlorate cells after
partial evaporation,

Ths liquer from the packed column or stripper is vacuum diatilled

at 27 inches of mercury to remove 95 pesreent of the perchlorate con-
tent as 42% perchloric acid. The sulfuric acid residue is combdined
with 966 sulfuric acid and water 4o form 83% sulfuric acid returned
to the bdlenders. Ammonium perchlorate product is formed by bubdling
anhydroues ammonia through the 42% perchloris acid, and evaporating
the solution to drynsss.

inyestmont Cost
Sodium Chlorate Plant $5,600,000
Sulfuric Acid Plant 1,200,000
iLomonium Perchlorate Plant ~24900,000
N : . TOTAL  $12,700,000
R 8 - 63 -
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The acid disproportionation method produses a mixed filter cake

of adout 3.9 pounds of sodium bisulfate and 4.3 pounds of sulfurio
acid per pound of ammonium perchlorats producst. This by-product
is credited for the sulfuric acid content at $19.00/ton.

Eroductive Capacity

The ammonium perchlarate plant is based on a production of 10,000 TPY.
The sodium chlorate, sodium perchlorate and sulfuric acid capacities
are keoyed to the production of ammonium perchliorate,

£robable Aacuracy of Eatimate

This estimate is belleved to have an asourasy of + 20%,
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Analytical Progedure for Mixtures Containine Perchlorate, Chlorate,
Shlorite, Hypochlorite and Chloride

This complete analytical procedure replaces a previously used procedure
which coverod methods for perchlorate, chlorate and chloride only,

and was given in Sectinn F of Part II of the final r eport on Project

XR 352—223/2—19—51. wliich igsued August 31, 1951, The present procedure
is based partly on the work of Haller and Listek (13) on determination

of chlorine dioxide and other active chlorine compounds in municipal wsater
suppliss. Their methods on parts per million determinations were adapted
to higher concentrations, The method for sodium hypochlorite is the
standard method used for analyais of an important industrial product,
calcium hypochlorite. Development, testing and integration of the various
individual methods into a complete procedure was done by the Analytical
Section of ths R. & D, Division of Pennsalt. Table XXIII gives data on
tne testing of this analytical procedure for the range of interest in
this study, and shows analytical results duplicating actual sample com-
position to within 1.5% or better.

Analytical Progedure
0.0 Saxmple Preparation
0.1 Solids
0.1' Weight accurately approximately 6 grame of sample,
dissolve in water and dilute to 500 ml. in a volu~
metric flask.
0.2 Liquids
0,21 Talke a known volume of solution which contains spproxi-

mately 6 grams of solid and dilute with water to 500 ml.
in a volumetric flask.

~ 65 ~
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1.0 Detarmination of Hypochlorite Content

1.2

1.3

1.4

l,1 Apparatus

1.11 250 ml. beaker

l.12 50 ml. buret

1.13 10 ml. calibrated pipet

Reagents

1,21

Standard 0.1 X Sodium arsenite solution

Starch -~ iodide test paper

1.23 Buffer solutior: 100 gms. of NaHpP0p*H,0 plus

150 gms. of Na,HPOy per liter

Procedura

1.31

1.32

1.33

Pipet 10 ml. of the sample into S0 ml. of water
in a 250 ml. beaker.

Add 5 ml. of ths buffer solution. Check with
PH paper to make sure pE is between 6 and 7. If
not, add more buffer.

Add standard 0.1 N sodium arsenite from the burst to the
solution in the beaker with stirring, until a drop of
the sclution on the stirring rod does not yield a

blus color on the starch iodide paper. I'o not overrun

the endpoint. Record the volume of sodium arsenite
used, V.

Calculations

(V) (Normality of sodium arsenite) (0.03723) = gms. of NaOOl

in aliquot taken.

2.0 DRatermination of Chlcrdte Content

2.1 Apparatus

2,11
2.12

2,13

250 ml. beaker
50 ml. dburet

10 nl. calibrated pipet
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2.2

2.3

2.4

ﬂl ‘ ‘)é ¢ in

Reazents

Z2.21 Standard 0.l N sodium arsenite solution

2.22 Solid potassium iodids

2.23 DBuffer soluti~n - 100 gms. of NaH,POu°H,0 plus 150 gns.
of Na HPO;, per liter

2,24 Approximately 0.5 ¥ sulfwric acid

2.25 Starch indicator solution, 0.5%

Proosdure

2.31 Add 10 gms. of potassium icdide to 50 ml. of water
in a 250 ml, beaker.

2.32 Pipest 10 ml. of the sample into the beaker |

2.33 Add approximately 0.5 XN sulfuric acid until pH is
bstween 1 and 2 usirg pK papsr. Mix and let stand ons
.inuteo .l

2.3% A44 10 ml. of buffsr solution. Check with pH papsr
to maks sure pH is between 6 and 7. If not, add more
baffsr,

2,35 Titrate with 0,1 N sodium arsenits solution to disap-
pearancs of iodine color, using starch indiecator, if
nscossary, Record the volume of sodium arssnits used, W.

Calculations

(V-¥) (Normality of sodium arsenite) {(0.02261) = gms. of

NaClOz in aliquot taken,

3.0 Detoermination of Chlorate Content

3.1 Apparatus

3.2

3.11
3.12
3.13

250 mi. iodine flask
50 ml. buret

10 ml. calibrated pipat

Reagents

3.21

3.22
3.23

3.&

So0l4d sodium bromide
104 potassium iodide solution

Concentrated hydroghloric ascid

Standard 0,1 X sodium thiosulfate
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3.25 Starch indicator solution, 0.5 percent

A v

ax 3. 3 Proooduro

3.31 Pipet 10 ml., of the sample into the 250 ml, iodine flask
3,32 A4 2 gas. of solid sodiumt romide

3¢33 Add 20 ml. of consentrated hydrochloric acid and stopper
flask immediately. Shake and let stand 5 minutes,

3.3 Ad4 20 ml. of the 10§ potassium iodide solution to the
flask without allowing any gas to escape. Shake well,

3.35 Titrate with 0,1 ¥ sodium thiosulfate to disappearancs of

iodine color, using starch i1f necassary. Recard volume
of sodium thiosulfate used, X.

3.4 Oaloulations
(X) (Normality of sodium thiosulfute) = B

(¥) (Normality of sodium arsenite) = ¥
(-P) (0.0177%4) = gms. of Na(l0; in aliquot taleen

k.0 Determination af Ghlorids Content
3 4,1 Apparatus
4,11 500 ml. iodins flask
k,12 50 ml. bures
4,13 25 ml. oalibrated pipet
4,2 Reagents
4,21 Terrous sulfate, hydrated, solid (¥e804°7H,0)
ke22 #mlfuric asid (1:1)
4,23 Standard 0,1 ¥ silver nitrate solution
k,24 Standard 0.1 X potassium thicocyanate solution
k,25 Yitrobvenzene, purified
4,3 Procedurs

L,31 Add 5 ml. of wulfuric acid (111) to 150 ml. of water in
the 500 ml, 1o0dins flask

Lk,32 A44 10 gms. of ferrous sulfate

k.33 Pipet 25 ml. of sample into flask. If a precipitate forms,
add more sulfuric acid unti’ 1t dissolves

T o A Place flask on steam bath for ons hour
ank o 4\'. ‘i‘\\% ‘ i - 68-.
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k.35

k,36 Ad4 2 ml. of nitrobanzene and shaks vigorously for
1 minuts.
L,37 Titrate the excess silver nitrate with standard potas~
sium thiocyanate to first permanent reddish brown
coler. Regord volume of thiocyanate, B,
Calculations
(o) (Normality of silver nitrate) = G
(3) (Normality of potassium thiocyanate) = H
(~H) (0.,03546) = gms. of chlorine from chloride, hypochlorite,
chlorate and chlorite in aliguot taken = K
(gms. of ¥aCl0 1n aliquot) (0.4763) = gm. chlorine d. e to NaCl0 = L
(gms. of Faclop ) (0.3920) = * » ¥ NaClOp=
(gms. of FaCl0, " ) (0.3331) = ¥ " LI NaClO3- n

Cool, add standard eilvzr nitrate from a buret until
in excess. Record volume of silver nitrate,A.

(K) - (L+M+N) 2 em. of chlorine from chlorids only = P

(p)

(1.6483) = gm. ~f NaCl in aliquot taken

5.0 Datermination of Perchlorate Content

5.1 Apparatus

¢ oA U

ar

5.11
5.12
5.13

500 ml. iodine flask
50 ml, buret

25 ml. calibrated pipet

Reagents

5.21
5.22
5023
Se2k
525
5.26

Perrous sulfate, hydratod, solid (Pe50,°7H,0)
Sulfuric acid (111)

Titanous sulfats, 204 solution

¥itrioc aci2 (1:1)

S8tandard 0.1 N silver nitrate solution

Standard 0,1 ¥ potaseium thiocyanate solution

Procedure

5.31

5432
5.33

Add 2 ml., of mulfuric acid (1:1), to 20 ml, of water in
the 500 ml. iodine flask,

Add 2 gm, of ferrous sulfate

Pipet 25 ml, of sample into flask. If a precipitate
forms, add more sulfuric acid until it dissolves.
- 69 -

-\




Tl T

S . T < P S

s

5.34 EHeat on steam bath 15 minutes.

, 5435

5.36 Pipet 20 ml. of titanous sulfate solution into flask.

Add 20 ml. of sulfuric acid (1:1).

5.37 Place on hot plate for one hour. Keep solution at
boiling, but do not boll.

5:38 Cool to just above room temperature and add 5 ml. of nitric
acid (1:11).

5.39 Place on hot plate 5 minutes {solution should now be
yellow colored, if still purple, add more nitric acid).
Shake flask occasionally to remove oxides of nitrogen,

5.3.10 Cool, add standard silver nitrate from buret untlil
in excass. Record volume of silver nitrate, C.

5.3.11 Add 2 ml, of nitrobensene and shake vigorously for
one minute,

5.3.12 Titrate the sxcess silver nitrate with standard potassium

thiocyanats to first permansnt reddish solution. Record
volume of thlocyanade added, D.

5¢3.13 Run dblank on all reagents, without sample. Sudbtract
blank from sample detsrmination.

5.4 Calculations

() (Wormality of silver nitrats) = R,

(D) (Normality of potassium thiocyanate) = S,

(R-S) (0.03546) = gms. of chlorins from chloride, hypochlorite,
chlorite, chlorate and perchlorate in aliquot taken = T.

(T-K) = gms. of chlorine due to perchlorate only = Z.

(z) (3.4571) = gms, of NaCl0) in aliquot taken.

-70 =
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ZARLE XXXIX
TESTING ANALYTICAL PROCEDURE

| Sample Composition - g./l. . Analytical Results - z./1.
)
HaCl0ge HaCl0y
Yo.| XNaCl |EaClO2 330103 Hy0 NaQl HaClO | Na0lOs 330103 HZO
1 11.8 . None 11.7
2 12,0 None None 1.9
3 10,46 None None 10.43
8.1 6.C
L 8.0 6.1 Nore 79 6.0
6.0
3.7 6.3 4,0
5 3.7 6.3 “01 3.7 Hons Nore 603 301
ol

¥OTE: A known sample of RaClO acould not be prepared. In practics,
analysts dspend on check results with a given sampla.
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